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(54) i\/lethod and apparatus for driving plasma display panel using selective writing and selective 
erasure 



(57) A plasma display panel driving methoid and ap- 
paratus tliat is capable of driving a PDF at a high speed 
as well as improving the contrast. In the method, at least 
one selective writing sub-field is used to turn on dis- 



charge cells selected in an address interval. At least one 
selective erasing sub-field is used to turn off the dis- 
charge cells selected in the address interval. The selec- 
tive writing sub-field and the selective erasing sub-field 
are arranged within one frame. 
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Description 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

[0001] This invention relates to a technique for driving a plasma display panel, and more particularly to a plasma 
display panel driving method and apparatus that is capable of driving a plasma display panel at a higher speed as well 
as Improving the contrast. 

10 

Description of the Related Art 

[0002] Generally, a plasma display panel (PDP) radiates a fluorescent body by an ultraviolet with a wavelength of 
147nm generated during a discharge of He+Xe or Ne+Xe gas to thereby display a picture including characters and 

15 graphics. Such a PDP is easy to be made Into a thin-film and large-dimension type. Moreover, the PDP provides a 
very improved picture quality owing to a recent technical development. Particularly, a three-electrode, alternating cur- 
rent (AC) surface-discharge type PDP has advantages of a low-voltage driving and a long life In that it can lower a 
voltage required for a discharge using wall charges accumulated on the surface thereof during the discharge and 
protect the electrodes from a sputtering caused by the discharge. 

20 [0003] Referring to Fig. 1, a discharge cell of the three-electrode, AC surface-discharge PDP includes a scanning/ 
sustaining electrode 30Y and a common sustaining electrode 30Z formed on an upper substrate 10, and an address 
electrode 20X formed on a lower substrate 18. 

[0004] The scanning/sustaining electrode 30Y and the common sustaining electrode 30Z include a transparent elec- 
trode 12Y or 122, and a metal bus electrode 13Y or 13Z having a smaller line width than the transparent electrode 

25 12Y or 12Z and provided at one edge of the transparent electrode, respectively. The transparent electrodes 12Y and 
12Z are formed from indium-tin-oxide (ITO) on the upper substrate 10. The metal bus electrodes 13Y and 13Z are 
formed from a metal such as chrome (Cr), etc. on the transparent electrodes 12Y and 12Z so as to reduce a voltage 
drop caused by the transparent electrodes 1 2Y and 1 2Z having a high resistance, On the upper substrate 1 0 provided 
with the scanning/sustaining electrode 30Y and the common sustaining electrode 30Z, an upper dielectric layer 1 4 and 

30 a protective film 16 are disposed. Wall charges generated upon plasma discharge are accumulated in the upper die- 
lectric layer 14. The protective film 16 protects the upper dielectric layer 14 from a sputtering generated during the 
plasma discharge and improves the emission efficiency of secondary electrons. This protective film 1 6 is usually made 
from MgO. The address electrode 20X is formed in a direction crossing the scanning/sustaining electrode SOY and the 
common sustaining electrode 30Z. A lower dielectric layer 22 and barrier ribs 24 are formed on the lower substrate 1 8 

35 provided with the address electrode 20X. A fluorescent material layer 26 Is coated on the surfaces of the lower dielectric 
layer 22 and the barrier ribs 24. The ban-ler ribs 24 are fonned in parallel to the address electrode 20X to divide the 
discharge cell physically and prevent an ultraviolet ray and a visible light generated by the discharge from being leaked 
into the adjacent discharge cells. The fluorescent material layer 26 is excited and radiated by an ultraviolet ray generated 
upon plasma discharge to produce a red, green or blue color visible light ray. An inactive mixture gas, such as He+Xe 

40 or Ne+Xe, for a gas discharge Is Injected into a discharge space defined between the upper/lower substrate 10 and 
18 and the barrier ribs 24, 

[0005] Such a three-electrode AC surface-discharge PDP drives one frame, which Is divided into various sub-fields 
having a different emission frequency, so as to realize gray levels of a picture. Each sub-field is again divided into a 
reset interval for uniformly causing a discharge, an address interval for selecting the discharge cell and a sustaining 

45 interval for realizing the gray levels depending on the discharge frequency. When it is intended to display a picture of 
256 gray levels, a frame Interval equal to 1/60 second (i.e. 16.67 msec) in each discharge cell 1 is divided Into 8 sub- 
fields SF1 to SF8 as shown In Fig. 2. Each of the 8 sub-field SF1 to SF8 is divided Into a reset interval, an address 
Interval and a sustaining Interval. The reset interval and the address Interval of each sub-field are equal every sub- 
field, whereas the sustaining Interval and the discharge frequency are increased at a ration of 2" (wherein n = 0, 1 , 2, 

50 3, 4, 5, 6 and 7) at each sub-field. Since the sustaining interval becomes different at each sub-field as mentioned 
above, the gray levels of a picture can be realized. 

[0006] Such a PDP driving method is largely classified into a selective writing system and a selective erasing system 
depending on an emission of the discharge cell selected by the address discharge. 

[0007] The selective writing system turns off the entire field in the reset Interval and thereafter turns on the discharge 
55 cells selected by the address discharge. In the sustaining Interval, a discharge of the discharge cells selected by the 
address discharge is sustained to display a picture. 

[0008] In the selective writing system, a scanning pulse applied to the scanning/sustaining electrode 30Y has a pulse 
width set to 3jjLS or more to fonn sufficient wall charges within the discharge cell. 
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[0009] If the PDP has a resolution of VGA (video graphics array) class, it has total 480 scanning lines. Accordingly, 
in the selective writing systenn, an address interval within one frame requires total 11 .52nns when one frame interval 
(i.e., 16.67ms) includes 8 sub-fields. On the other hand, a sustaining interval is assigned to 3.05ms In consideration 
of a vertical synchronizing signal Vsync. Herein, the address Interval is calculated by 3\iS{a pulse width of the scanning 
5 pulse) X 480 lines x 8(the number of sub-fields) per frame. The sustaining interval is a time value (i.e., 16.67ms - 
1 1 .52ms - 0.3ms - 1 ms - 0.8ms) subtracting an address interval of 1 1 .52ms, once reset interval of 0.3ms. and an extra 
time of the vertical synchronizing signal Vsync of 1 ms and an erasure interval of 1 0Ojis x 8 sub-fields from one frame 
interval of 16.67ms. 

[0010] The PDP may generate a pseudo contour noise from a moving picture because of its characteristic realizing 
10 the gray levels of the picture by a combination of sub-fields. If the pseudo contour noise is generated, then a pseudo 
contour emerges on the screen to deteriorate a picture display quality. For instance, if the screen is moved to the left 
after the left half of the screen was displayed by a gray level value of 128 and the right half of the screen was displayed 
by a gray level value of 1 27, a peak white, that Is, a white stripe emerges at a boundary portion between the gray level 
values 127 and 128. To the contrary, if the screen Is moved to the right after the left half thereof was displayed by a 
15 gray level value of 1 28 and the right half thereof was displayed by a gray level value of 1 27, then a blacl< level, that is, 
a black stripe emerges on at a boundary portion between the gray level values 127 and 128. 

[0011] In order to eliminate a pseudo contour noise of a moving picture, there has been suggested a scheme of 
dividing one sub-field to add one or two sub-fields, a scheme of re-arranging the sequence of sub-fields, a scheme of 
adding the sub-fields and re-arranging the sequence of sub-fields, and an error diffusion method, etc. However, in the 

20 selective writing system, the sustaining interval becomes insufficient or fails to be assigned if the sub-Jields are added 
so as to eliminate a pseudo contour noise of a moving picture. For instance, in the selective writing system, two sub- 
fields of the 8 sub-fields are divided such that oneframe includes 1 0 sub-fields, the display period, that is, the sustaining 
interval becomes absolutely insufficient. If one frame includes 10 sub-fields, the address interval becomes 14.4ms, 
which is calcuiated by 3jas(a pulse width of the scanning pulse) x 480 lines x 10(the number of sub-fields) per frame. 

25 On the other hand, the sustaining interval becomes -0.03ms (i.e., 1 6.67ms - 14.4ms - 0.3ms - 1 ms -1 ms) which is a 
time value subtracting an address Interval of 1 4.4ms, once reset interval of 0.3ms, an erasure interval of 1 0Oixs x 1 0 
sub-fields and an extra time of the vertical synchronizing signal Vsync of Ims from oneframe interval of 16.67ms. 
[0012] In such a selective writing system, a sustaining interval of about 3ms can be assured when one frame consists 
of 8 sub-fields, whereas it becomes impossible to assure a time for the sustaining interval when one frame consists of 

30 1 0 sub-fields. In order to overcome this problem, there has been suggested a scheme of divisionally driving one field. 
However, such a scheme raises another problem of a rise of manufacturing cost because it requires an addition of 
driver IC's. 

[0013] A contrast characteristic of the selective writing system is as follows. In the selective writing system, when 
one frame consists of 8 sub-fields, a light of about 300 cd/m^ con-esponding to a brightness of the peak white is produced 
35 if a field continues to be turned on in the entire sustaining interval of 3.05ms. On the other hand, if the field is sustained 
in a state of being turned on only in once reset interval and being turned off in the remaining interval within one frame, 
a light of about 0.7 cd/m^ corresponding to the black is produced. Accordingly, a darkroom contrast ratio in the selective 
writing system has a level of 430 : 1 . 

[0014] The selective erasing system makes a writing discharge of the entire field in the reset interval and thereafter 
40 turns off the discharge cells selected in the address interval. Then, in the sustaining interval, only the discharge cells 
having not selected by the address discharge are sustaining-discharged to display a picture. 

[0015] In the selective erasing system, a selective erasing data pulse with a pulse width of about Ijis is applied to 
the address electrode 20X so that it can erase wall charges and space charges of the discharge cells selected during 
the address discharge. At the same time, a scanning pulse with a pulse width of l^s synchronized with the selective 

45 erasing data pulse is applied to the scanning/sustaining electrode 30Y. 

[0016] In the selective writing system, if the PDP has a resolution of VGA (video graphics array) class, then an 
address interval within one frame requires only total 3.84ms when one frame interval (i.e., 1 6.67ms) consists of 8 sub- 
fields. On the other hand, a sustaining interval can be sufficiently assigned to about 10.73ms in consideration of a 
vertical synchronizing signal Vsync. Herein, the address Interval is calculated by 1\is(a pulse width of the scanning 

50 pulse) X 480 lines x 8(the number of sub-fields) per frame. The sustaining interval is a time value (i.e., 16.67ms - 
3.84ms - 0.3ms - 1ms - 0.8ms) subtracting an address Interval of 3.84ms, once reset interval of 0.3ms, and an extra 
time of the vertical synchronizing signal Vsync of 1ms and an entire writing time of lOO^ts x 8 sub-fields from one 
frame interval of 1 6.67ms. In such a selective erasing system, since the address interval is small, the sustaining interval 
as a display period can be assured even though the number of sub-fields is enlarged. If the number of sub-fields SF1 

55 to SF10 within one frame is enlarged into ten as shown in Fig. 3, then the address interval becomes 4.8ms calculated 
by 1 |js(a pulse width of the scanning pulse) x 480 lines x 1 0(the number of sub-fields) per frame. On the other hand, 
the sustaining interval becomes 9.57ms which is a time value (i.e., 1 6.67ms - 4.8ms - 0.3ms - 1ms - 1 ms) subtracting 
an address interval of 4.8ms, once reset Interval of 0.3ms, an extra time of the vertical synchronizing signal Vsync of 
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1 ms and the entire writing time of 1 0O^s x 1 0 sub-fields from one frame Interval of 1 6.67ms. Accordingly, the selective 
erasing system can assure a sustaining interval three times longer than the above-mentioned selective writing system 
having 8 sub-fields even though the number of sub-fields is enlarged into ten, so that it can realize a bright picture with 
256 gray levels. 

5 [0017] However, the selective erasing system has a disadvantage of low contrast because the entire field is turned 
on in the entire writing interval. 

[0018] In the selective erasing system, if the entire field continues to be turned on in the sustaining interval of 9.57ms 
within one frame consisting of 10 sub-fields SF1 to SF10 as shown in Fig. 3, then a light of about 300 cd/m^ corre- 
sponding to a brightness of the peak white is produced. A brightness con^esponding to the black is 15.7 cd/m^, which 

10 is a brightness value of 0.7 cd/m2 generated in once reset interval plus 1 .5 cd/m^ x 10 sub-fields generated In the 
entire writing Interval within one frame. Accordingly, since a darkroom contrast ratio In the selective erasing system is 
equal to a level of 950 : 15.7 = 60 : 1 when one frame consists of 10 sub-fields SF1 to SF10, the selective erasing 
system has a low contrast. As a result, a driving method using the selective erasing system provides a bright field 
owing to an assurance of sufficient sustaining interval, but fails to provide a clear field and a feeling of blurred picture 

15 due to a poor contrast. 

[0019] In order to overcome a problem caused by such a poor contrast, there has been suggested a scheme of 
making an entire writing only once per frame and taking out the unnecessary discharge cells every sub-field SF1 to 
SF10. However, this scheme has a problem of poor picture quality in that next sub-field can not be driven until the 
previous sub-field has been turned on and thus the number of gray levels becomes merely the number of sub-fields 
20 plus one. In other words, if one frame includes 1 0 sub-fields, then the number of gray level become eleven as repre- 
sented by the following table: 



Table 1 



25 



30 



35 



40 



Gray 


SF1 (1) 


SF2 (2) 


SF3 (4) 


SF4 (8) 


SF5 


SF6 
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255 


o 
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0 


O 


0 . 


o 


0 



[0020] In Table 1 , 'SFx' means the x-numbered sub-field and '(y)' expresses a brightness weighting value set for the 
subject sub-field as a decimal number y. Further, 'O* represents a state in which the subject sub-field is turned on while 
'X* does a state in which the subject sub-field is turned off. 

[0021] In this case, since only 1331 colors are expressed by all combination of red, green and blue colors, color 
expression ability becomes considerably insufficient in comparison to true colors of 16,700,000. The PDP adopting 
such a system has a darkroom contrast ratio of 430 : 1 by a peak white of 950 cd/m^ when the entire field is turned on 
in the display interval of 9.57ms and a black of 2.2 cd/m2 which is a brightness value adding 0.7 cd/m^ generated In 
once reset interval to 1 .5 cd/m^ generate in once entire writing interval. 

[0022] As described above, in the conventional PDP driving method, the selective writing system fails to make a 
high-speed driving because each of a data pulse for selectively turning on the discharge cells in the address interval 
and a scanning pulse has a pulse width of 3jj.s or more. The selective erasing system has an advantage of a higher 
speed driving than the selective writing system because each of a data pulse for selectively turning off the discharge 
cells and a scanning pulse is about 1|j.s, whereas it has a disadvantage of a worse contrast than the selective writing 
system because the discharge cells in the entire field is turned on In the reset interval, that is, the non-display interval. 
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SUMMARY OF THE INVENTION 

[0023] Accordingly, it is an object of tlie present invention to provide a PDP driving nr^ethod and apparatus that is 
capable of driving a PDP at a high speed as well as improving the contrast. 
5 [0024] A further object of the present invention is to provide a PDP driving nnethod and apparatus that is suitable for 
running a selective writing system compatible with a selective erasing system. 

[0025] In order to achieve these and other objects of the invention, a PDP driving method according to one aspect 
of the present invention includes the steps of turning on discharge cells selected in an address interval using at least 
one selective writing sub-field; and turning off the discharge cells selected in the address interval using at least one 
10 selective erasing sub-field, wherein the selective writing sub-field and the selective erasing sub-field are arranged 
within one frame. 

[0026] A PDP driving method according to another aspect of the present Invention includes the steps of expressing 
a gray level range using at least one selective writing sub-field by turning on selected discharge cells and maintaining 
a discharge of the turned-on cells; and expressing a high gray level range using at least one selective erasing sub- 

15 field by successively turning off the cells turned on in the previous sub-field. 

[0027] A PDP driving method according to still another aspect of the present invention Includes a kth frame including 
at ieast one selective writing sub-field for turning on the discharge cells selected in an address interval and at least 
one erasing sub-field for turning off the discharge cells selected in the address interval; and a (k+1)th frame including 
at least one selective writing sub-field for turning on the discharge cells selected in the address interval and at least 

20 one erasing sub-field for tuming off the discharge cells selected In the address interval and having brightness weighting 
values of the sub-fields different from said kth frame, wherein k is a positive integer 

[0028] A driving apparatus for a plasma display panel according to still another aspect of the present invention in- 
cludes a first electrode driver for applying a first scanning pulse for causing a writing discharge and a second scanning 
putse for causing an erasure discharge to a first electrode of said panel in the address interval in accordance with a 
25 sub-field to drive the first electrode; and a second electrode driver for applying a first data for selecting the turned-on 
cells and a second data for selecting the turned-off cells to a second electrode of said panel in such a manner to be 
synchronized with the scanning pulses, thereby driving the second electrode. 

[0029] The driving apparatus for a plasma display panel further includes a third electrode driver for applying a desired 
direct current voltage to a third electrode of said panel in the address interval and applying a sustaining pulse for 
30 causing a sustaining discharge of the discharge cells selected in the address interval to the third electrode to thereby 
drive the third electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 [0030] These and other objects of the invention will be apparent from the following detailed description of the em- 
bodiments of the present invention with reference to the accompanying drawings, in which: 

Fig. 1 is a perspective view showing a discharge cell structure of a conventional three-electrode AC surface- 
discharge plasma display panel; 
40 Fig. 2 illustrates a conventional configuration of one frame including 8 sub-fields in a conventional PDP driving 

method; 

Fig. 3 illustrates a configuration of one frame including 10 sub-fields and preceding an entire writing discharge 
every sub-field in a conventional PDP driving method; 

Fig. 4 illustrates a configuration of one frame including 10 sub-fields and once entire writing discharge in a con- 
45 ventional PDP driving method; 

Fig. 5 illustrates a configuration of one frame In a PDP driving method according to a first embodiment of the 

present invention; 

Fig. 6 is a wavefomn diagram of driving signals in the PDP driving method according to the first embodiment of the 
present invention; 

50 Fig. 7 is a waveform diagram of another driving signals in a selective writing sub-field and a selective erasing sub- 

field according to the first embodiment of the present invention; 

Fig. 8 illustrates a configuration of one frame in a PDP driving method according to a second embodiment of the 

present invention; 

Fig. 9 illustrates a configuration of one frame in a PDP driving method according to a third embodiment of the 
55 present invention; 

Fig. 1 0A and Fig. 10B illustrate wavefomn diagrams of driving signals in the PDP driving method according to the 
third embodiment of the present Invention; 

Fig. 11 is a waveform diagram of driving signals in a PDP driving method according to a fourth embodiment of the 
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present invention; 

Fig. 12 is a waveform diagram of driving signals in a PDP driving method according to a fifth embodiment of the 
present invention; 

Fig. 13 Is a schematic blocl< diagram showing a configuration of a PDP driving apparatus according to an embod- 
5 Iment of the present invention; 

Fig. 14 is a detailed circuit diagram of the Y driver shown In Fig. 13; and 
Fig. 15 is a detailed circuit diagram of the Z driver shown In Fig. 13. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

10 

[0031] Fig. 5 shows a configuration of one frame in a PDP driving method according to a first embodiment of the 
present invention. In Fig. 5, one frame includes selective writing sub-field WSF and selective erasing sub-field ESF. 
[0032] The selective writing sub-field WSF includes first to sixth sub-fields SF1 to SF6. The first sub-field SF1 is 
divided into a selective writing address interval following a reset interval turning off the entire field and turning on the 

15 selected discharge cells, a sustaining interval causing a sustaining discharge for the discharge cell selected by the 
address discharge, and an erasure interval erasing the sustaining discharge. Each of the second to fifth sub-fields SE2 
to SF5 has no reset interval and Is divided into a selective writing address Interval, a sustaining interval and an erasure 
Interval. The sixth sub-field SF6 does not have a reset Interval and an erasure Interval and Is divided into a selective 
writing address interval and a sustaining interval. In the first to sixth sub-fields SF1 to SF6, the selective writing address 

20 interval and the erasure interval are equal to each other every sub-field, whereas the sustaining interval and the dis- 
charge frequency are Increased at a ratio of 2^, 2"', 2^, 2^, 2^ or 2^. 

[0033] The selective erasing sub-field ES F further Includes the seventh to twelfth sub-fields SF7 to SF 1 2. The seventh 
to twelfth sub-fields SF7 to SF12 do not have an entire writing period at which the entire field is written. Each of the 
seventh to twelfth sub-fields SF7to SF12 is divided into a selective erasing address interval for turning off the selected 

25 discharge cells and a sustaining interval for causing a sustaining discharge with respect to discharge cells other than 
the discharge cells selected by the address discharge. In the seventh to twelfth sub-fields SF7 to SF12, the selective 
erasing address intervals as well as the sustaining intervals are set to be equal. Each sustaining interval of the seventh 
to twelfth sub-fields SF7 to SF12 are assigned to have the same relative brightness ratio as the sixth sub-field SF6. 
[0034] Gray levels and coding methods expressed by the first to twelfth sub-fields SF1 to SF1 2 are Indicated in the 

30 following table: 



Table 2 



Gray 
level 


SF1 SF2 SF3 SF4 SF5 
(1) (2) (4) (8) (16) 


SF6 
(32) 


SF7 
(32) 


SF8 

(32) 


SF9 
(32) 


SF10 
(32) 


SF11 

(32) 


SF12 
(32) 


0 31 


Binary Coding 
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X 


X 


X 
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32 
63 


Binary Coding 
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64 
95 


Binary Coding 
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X 


96 

127 


Binary Coding 
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0 


O 
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X 


128 
159 


Binary Coding 
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O 
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X 


X 


160 
191 


Binary Coding 
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0 
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X 


192 

223 


Binary Coding 
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0 
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0 


0 


X 


224 
255 


Binary Coding 
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0 


0 


0 


o 


0 


0 



55 [0035] As can be seen from Table 2, the first to fifth sub-fields SF1 to SF5 an-anged at the front side of the frame 
express gray level values by the binary coding. On the other hand, the sixth to twelfth sub-fields SF6 to SF12 express 
gray level values larger than a desired value by the linear coding. For instance, the gray level value '11' is expressed 
by a binary code combination by turning on the first sub-field SF1, the second sub-field SF2 and the fourth sub-field 
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SF4 having relative briglitness ratios of 1 , 2 and 8, respectively while turning off the remaining sub-fields. Comparatively, 
the gray level value 74' is expressed by turning on the second and fourth sub-fields SF2 and SF4 by a binary code 
combination and turning on the sixth and seventh sub-fields SF6 and SF7 by a linear code combination while turning 
off the remaining sub-fields. 

5 [0036] Each of the seventh to twelfth sub-fields SF7 to SF12 which are the selective erasing sub-field ESF must 
always be in a state of turning on the last sub-field or the previous sub-field of the selective writing sub-field WSF so 
that it can turn off the unnecessary discharge cells whenever it is shift to the next sub-field. In other words, the last 
sub-field of the selective writing sub-field WSF, I.e., the sixth sub-field SF6 must be turned on in order to turn on the 
seventh sub-field SF7, whereas there are discharge cells turned on in the seventh sub-field SF7 in order to turn on the 

10 eighth sub-field SF8. 

[0037] After the sixth sub-field SF6 was turned on, the seventh to twelfth sub-fields SF7 to SF12 which are the 
selective erasing sub-field WSF goes to turn off the necessary discharge cells in the discharge cells having been turned 
on in the previous sub-field. To this end, the cells turned on in the last selective writing sub-field WSF, i.e., the sixth 
sub-field SF6 must be maintained in a state of being turned on by the sustaining discharge so as to use the selective 
15 erasing sub-field ESF. Thus, the seventh sub-field SF7 does not require an individual writing discharge for a selective 
erasure addressing. The eighth to twelfth sub-fields SF8 to SF1 2 also selectively turn off the cells having been turned 
on in the previous sub-field with no entire writing. 

[0038] A pulse width of the selective writing scanning pulse-SWSCN is not limited to 3|j.s, but can be selected into 
a range of 2 to 3\xs. A pulse width of the selective erasing scanning pulse -SESCN can be selected within 1 jis or into 
20 a range of 1 to 2ijs. 

[0039] If one frame includes the selective writing sub-field WSF and the selective erasing sub-field ESF, the address 
Interval requires total 11 .52ms when a PDP has a VGA class resolution, that is, 480 scanning lines. On the other hand, 
the sustaining interval requires 3.35ms. Herein, the address interval is a sum of 8.64ms calculated by 3jis(a pulse 
width of the selective writing scanning pulse) x 480 lines X 6(the number of selective writing sub-fields) per frame and 
25 2.88ms calculated by 1|is(apuise width of the selective erasing scanning pulse) x 480 lines x 6(the number of selective 
scanning sub-fields) per frame. The sustaining interval is a value (16.67ms - 8.64ms - 2.88ms - 0.3ms - 1ms - 1ms) 
subtracting an address interval of 11 .52ms, once reset interval of 0.3ms, an extra time of the vertical synchronizing 
signal Vsync of Ims and an erasing period of lOO^s X 5(the number of sub-fieids) = 0,5ms from one frame interval of 
16.67ms. 

30 [0040] Accordingly, the present PDP driving method can enlarge the number of sub-fields in comparison to the con- 
ventional selective writing system to reduce a pseudo contour noise in a moving picture. Also, the present PDP driving 
method can more assure the sustaining interval from 3.05ms Into 3.35ms in comparison to a case where one frame 
includes 8 sub-fields in the conventional selective writing system. 

[0041] When one frame includes the selective writing sub-field WSF and the selective erasing sub-field ESF, then a 
35 light of about 330 cd/m^ corresponding to a brightness of the peak white is produced if the entire field continues to be 
turned on in the sustaining interval of 3,35ms. On the other hand, if the field is turned on only in once reset interval 
within one frame, a light of about 0.7 cd/m^ corresponding to the black is produced. 

[0042] Accordingly, a darkroom contrast ratio in the present PDP driving method becomes a level of 430 : 1 , it can 
be improved in comparison to a contrast ratio (i.e., 60 : 1) In the conventional selective erasing system including 10 
40 sub-fields within one frame. Furthermore, a contrast in the present PDP driving method is more increased than a 
contrast (i.e., 430 ; 1) in the conventional selective writing system including 8 sub-fields within one frame. 
[0043] Fig. 6 shows driving wavefomris in the PDP driving method according to a first embodiment of the present 
invention. 

[0044] Referring to Fig. 6, a setup waveform RPSY, which is a ramp wavefomn having a rising slope, is applied to 
45 the scanning/sustaining electrode lines Y in the reset interval of the selective writing sub-field WSF and, at the same 
time, asetdown waveform -RPSZ, which is a ramp waveform having a falling slope, Is applied to the common sustaining 
electrode lines Z. Also, a setdown wavefonn-PRSY followed by the setup waveform RPSY, which is a ramp waveform 
having a failing slope, is applied to the scanning/sustaining electrode lines Y and a positive scanning direct current 
voltage DCSC is applied to the common sustaining electrode lines Z. 
50 [0045] In the address interval of the selective writing sub-field WSF, a negative writing scanning pulse -SWSCN and 
a positive writing data pulse SWD are applied to the scanning/sustaining electrode lines Y and the address electrode 
lines X, respectively in such a manner to be synchronized with each other. The discharge cells selected by the writing 
scanning pulse -SWSCN and the writing data pulse SWD accumulate wall charges and space charges upon address 
discharging. In this inten/al, a positive scanning direct current voltage DCSC continues to be applied to the common 
55 sustaining electrode lines Z. 

[0046] In the sustaining interval of the selective writing sub-field WSF, sustaining pulses SUSY and SUSZ are alter- 
nately applied to the scanning/sustaining electrode lines Y and the common sustaining electrode lines Z. The sustaining 
pulses SUSY and SUSZ allow the discharge cells having been turned on by the address discharge to maintain a 
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discharge. Discharge cells otherthan the discharge cells selected by the address discharge do not generate an address 
discharge. This is because the discharge cells having not generated the address discharge do not have sufficient wall 
charges and space charges, to cause no discharge even when the sustaining pulses SUSY and SUSZ are applied 
thereto. 

5 [0047] At an end time of the selective writing sub-field WSF, a ramp signal RAMP having a low voltage level is applied 
to the common sustaining electrode lines Z after a small-width erasing pulse ERSPY for erasing the sustaining dis- 
charge was applied to the scanning/sustaining electrode lines Y. 

[0048] In the last selective writing sub-field WSR i.e., the sixth sub-field SF6 followed by the selective erasing sub- 
field ESF, the erasing pulse ERSPY and the ramp signal RAMP for erasing the sustaining discharge is not applied. 
10 Instead, the last sustaining pulses of the last selective writing sub-field WSF followed by the selective erasing sub-field 
ESF and the selective erasing sub-field WSF followed by the selective erasing sub-field ESF are applied to the scanning/ 
sustaining electrode lines Y at a relatively large pulse width. These last pulses play a role to write the next selective 
erasing sub-field ESF. 

[0049] A pulse SUSY1 for Initiating the sustaining discharge and the last pulse SUSY3 for writing the following se- 
15 lectlve erasing sub-field ESF in the sustaining pulses SUSY and SUSZ are set to has a larger pulse width than the 
nomnal sustaining pulse so that a stable discharge can be generated. 

[0050] In the address interval of the selective erasing sub-field ESF, a negative erasing scanning pulse -SESCN and 
a positive erasing data pulse SED for erasing a discharge within the discharge cell are applied to the scanning/sus- 
taining electrode lines Y and the address electrode lines X, respectively in such a manner to be synchronized with 
20 each other. The cells selected by the erasing scanning pulse -SESCN and the erasing data pulse SED cause a weak 
discharge to erase wall charges and space charges. 

[0051] In the sustaining interval of the selective erasing sub-field ESF, the sustaining pulses SUSY and SUSZ are 
altemately to the scanning/sustaining electrode lines Y and the common sustaining electrode lines Z. Owing to these 
sustaining pulses SUSY and SUSZ, a discharge of the discharge cells which is not turned off by the address discharge 
25 is sustained to keep a turn-on state. The discharge cells having been turned off by the address discharge does not 
generate a discharge even when the sustaining pulses SUSY and SUSZ are applied thereto because they have insuf- 
ficient amounts of wall charges and space charges. 

[0052] At an end time of the last selective erasing sub-field, i.e., the twelfth sub-field SF1 2 followed by the selective 
writing sub-field WSF, the erasing pulse ERSPY and the ramp signal RAMP are applied to the scanning/sustaining 
30 electrode lines Y and the common sustaining electrode lines Z to erase a discharge of the turned-on cells. 

[0053] A pulse SUSY1 for initiating the sustaining discharge and the last pulse SUSY3 for writing the following se- 
lective erasing sub-field ESF in the sustaining pulses SUSY and SUSZ are set to has a larger pulse width than the 
normal sustaining pulse so that a stable discharge can be generated. 

[0054] Fig. 7 shows another driving waveforms of the selective writing sub-field and the selective erasing sub-field 

35 in the PDP driving method according to a first embodiment of the present Invention. 

[0055] Referring to Fig. 7, the selective writing sub-field WSF includes an address Interval, a sustaining Interval and 
an erasure Interval while the selective erasing sub-field WSF includes an address interval and a sustaining interval. 
[0056] The first sub-field SF1 of the selective writing sub-field WSF causes a writing discharge at the discharge cells 
of the entire field to be preceded by a reset interval for initializing the entire field. To this end, a relatively large, positive 

40 reset pulse RSTP is applied to the common sustaining electrode lines Z in the reset interval of the first sub-field SF1 . 
A first setup waveform RPS1 having a rising slope is applied to the scanning/sustaining electrode lines Y, and thereafter 
a negative pulse -RSTP and a second setup waveform RPS2 having a rising slope is applied thereto. Then, the dis- 
charge cells of the entire field conduct discharge, sustaining and erasure processes to unlfonn a wall charge amount 
at the interior thereof and erase electric charges unnecessary for the discharge. 

45 [0057] In the address interval of the selective writing sub-field WSF, a negative writing scanning pulse -SWSCN and 
a positive writing data pulse SWD are applied to the scanning/sustaining electrode lines Y and the address electrode 
lines X, respectively in such a manner to be synchronized with each other. Then, the selected discharge cells accu- 
mulate wall charges and space charges by the address discharge. In this interval, a positive scanning direct current 
voltage DCSC continues to be applied to the common sustaining electrode lines Z. 

50 [0058] In the sustaining interval of the selective writing sub-field WSF, sustaining pulses SUSY and SUSZ are alter- 
nately applied to the scanning/sustaining electrode lines Y and the common sustaining electrode lines Z. The sustaining 
pulses SUSY and SUSZ allow the discharge cells having been turned on by the address discharge to maintain a 
discharge. Discharge cells other than the discharge cells selected by the address discharge do not generate a sus- 
taining discharge. 

55 [0059] In the erasure inten/al of the selective writing sub-field WSF, a first setup waveform RPS1 , a negative pulse 
-RSTP and a second setup wavefo mi RPS2 are applied to the scanning/sustaining electrode lines Y. Then, the dis- 
charge cells of the entire field conduct discharge, sustaining and erasure processes to unifomi a wall charge amount 
at the interior thereof. 
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[0060] In the address interval of the selective erasing sub-field ESF, a negative erasing scanning pulse -SESCN and 
a positive erasing data pulse SED for turning off the discharge cell having been turned on in the previous sub-field are 
applied to the scanning/sustaining electrode lines Y and the address electrode lines X, respectively in such a manner 
to be synchronized with each other. The cells selected by the erasing scanning pulse -SESCN and the erasing data 

5 pulse SED cause a weak discharge to erase wall charges and space charges. 

[0061] In the sustaining interval of the selective erasing sub-field ESF, the sustaining pulses SUSY and SUSZ are 
alternately to the scanning/sustaining electrode lines Y and the common sustaining electrode lines Z. Owing to these 
sustaining pulses SUSY and SUSZ, a discharge of the discharge cells which is not turned off by the address discharge 
is sustained to keep a turn-on state. 

10 [0062] Fig. 8 shows a configuration of one frame in a PDP driving method according to a second embodiment of the 
present invention. In Fig. 8, one frame includes a selective writing sub-field WSF having 5 sub-fields SF1 to SF5 for 
expressing a low gray level value and a selective erasing sub-field ESF having 6 sub-fields SF6 to SF1 1 for expressing 
a high gray level value. 

[0063] The first sub-field SF1 is divided into a reset interval for turning off the entire field, a selective writing address 
15 interval for turning on the selected discharge cells, a sustaining interval for causing a sustaining discharge for the 
selected discharge cells, and an erasure interval for erasing the sustaining discharge. Each of the second to fourth 
sub-fields SE2 to SF4 is divided into a selective writing address interval, a sustaining interval and an erasure interval. 
The fifth sub-field SF5 is divided into a selective writing address interval and a sustaining interval. In the first to fifth 
sub-fields SF1 to SF5-, t4ne selective writing address interval and the erasure interval are equal to each other every 
20 sub-field, whereas the sustaining interval and the discharge frequency is increased at a ratio of 2°, 2"' , 22, 2^, 2* or 25. 
[0064] The sixth to eleventh sub-fields SF6 to SF11 do not have an entire writing period at which the entire field Is 
written. Each of the sixth to eleventh sub-fields SF6 to SF11 is divided into a selective erasing address interval for 
turning off the selected discharge cells and a sustaining interval for causing a sustaining discharge with respect to 
discharge cells other than the discharge cells selected by the address discharge. In the sixth to eleventh sub-fields 
25 SF6 to SF11 , the selective erasing address intervals as well as the sustaining intervals are set to be equal. 

[0085] Gray levels and coding methods expressed by the first to eleventh sub-fields SF1 to SF11 are indicated in 
the following table: 



Table 3 



Gray 
level 


SF1 SF2 SF3 SF4 
(1) (2) (4) (8) 


SF5 
(16) 


SF6 
(16) 


SF7 
(24) 


SF8 
(32) 


SF9 
(40) 


SF10 
(50) 


SF11 
(62) 


0 15 


Binary Coding 


X 


X 


X 


X 


X 


X 


X 


16 31 


Binary Coding 


0 


X 


X 


X 


X 


X 


X 


32 47 


Binary Coding 


0 


0 


X 


X 


X 


X 


X 


56 71 


Binary Coding 


O 


0 


0 


X 


X 


X 


X 


88 
103 


Binary Coding 


0 


0 


0 


0 


X 


X 


X 


128 
143 


Binary Coding 


0 


0 


0 


O 


0 


X 


X 


178 
193 


Binary Coding 


0 


0 


0 


0 


0 


o 


X 


240 
255 


Binary Coding 


0 


0 


0 


0 


0 


O 


o 



[0066] As can be seen from Table 3, the first to fourth sub-fields SF1 to SF4 arranged at the front side of the frame 
50 express gray level values by the binary coding. On the other hand, the fifth to eleventh sub-fields SF5 to SF11 express 
gray level values larger than a desired value by the linear coding. For Instance, the gray level value '11' Is expressed 
by a binary code combination by turning on the first sub-field SFl , the second sub-field SF2 and the fourth sub-field 
SF4 having relative brightness ratios of 1 , 2 and 8, respectively whileturning off the remaining sub-fields. Comparatively, 
the gray level value '42' is expressed by turning on the second and fourth sub-fields SF2 and SF4 by a binary code 
55 combination and turning on the fifth and sixth sub-fields SF5 and SF6 by a linear code combination while turning off 
the remaining sub-fields. 

[0067] As seen from Table 3, the PDP driving method according to the second embodiment does not express a 
portion of gray level values. In other words, all the gray level values of 0 to 47 can be expressed, but a gray level range 
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of 48 to 55, 72 to 87, 104 to 127, 144 to 128 and 194 to 239 cannot be expressed by binary code combinations and 
linear code combinations in Table 3, The unexpressed gray level range can be corrected in similarity to gray level 
values to be expressed using a Dithering or an error diffusion technique. If a portion of gray level range in such high 
gray levels Is displayed by the Dithering or the error diffusion technique, then a picture quality Is slightly deteriorated, 

5 but the deterioration extent thereof can be minimized. 

[0068] Each of the sixth to eleventh sub-fields SF6 to SF11 which are the selective erasing sub-field ESF must always 
be in a state of turning on the last sub-field or the previous sub-field of the selective writing sub-field WSF so that it 
can turn off the unnecessary discharge cells whenever it is shift to the next sub-field. In other words, the last sub-field 
of the selective writing sub-field WSF, i.e., the fifth sub-field SF5 must be turned on in order to turn on the sixth sub- 

10 field SF6, whereas there are discharge cells turned on In the fifth sub-field SF5 in order to turn on the seventh sub- 
field SF7. 

[0069] After the fifth sub-field SF5 was turned on, the sixth to eleventh sub-fields SF6 to SF11 which are the selective 
erasing sub-field WSF successively turn off the necessary discharge cells in the discharge cells having been turned 
on in the previous sub-field. To this end, the cells turned on in the last selective writing sub-field WSF, i.e., the fifth sub- 
's field SF5 must maintain a turn-on state by the sustaining discharge so as to use the selective erasing sub-fields ESF. 
Thus, the sixth sub-field SF6 does not require an individual writing discharge for a selective erasure addressing. Like- 
wise, the seventh to eleventh sub-fields SF7to SF11 selectively turn off the cells having been turned on in the previous 
sub-field with no entire writing. 

[0070] If one frame includes 5 sub-fields SF1 to SF5 driven by the selective writing system and 6 sub-fields SF6 to 

20 SF11 driven by the selective erasing system, an address interval is more reduced. 

[0071] When a PDP has a VGA class resolution, a time required for an address interval is merely 10.08ms. As the 
address interval is more reduced, the sustaining interval can be sufficiently assured into 4.89ms. Herein, the address 
interval is a sum of 7.2ms calculated by 3|is(a pulse width of the selective writing scanning pulse) x 480 lines x 5(the 
number of selective writing sub-fields) per frame and 2.88ms calculated by 1|j.s(a pulse width of the selective erasing 

25 scanning pulse) x 480 lines x 6{the number of selective scanning sub-fields) per frame. The sustaining interval is a 
value (16.67ms - 10.8ms - 0.3ms-1ms - 0.5ms) subtracting an address interval of 10.08ms, once reset interval of 0.3ms, 
an extra time of the vertical synchronizing signal Vsync of 1 ms and an erasing period of 1 0Ojis x 4{the number of sub- 
fields) = 0.4ms from one frame interval of 16.67ms. 

[0072] If the entire field is turned on in the sustaining interval of 4.89ms, a light of about 490 cd/m^ corresponding 

30 to a brightness of the peak white is produced. On the other hand, if the field is turned on only in once reset interval 
within one frame, a light of about 0.7 cd/m^ corresponding to the black is produced. Accordingly, a darkroom contrast 
ratio in the PDP driving method according to the second embodiment becomes a level of 700 : 1 . 
[0073] Fig. 9 shows a configuration of one frame in a PDP driving method according to a third embodiment of the 
present invention. In Fig. 8, one frame includes selective writing sub-fields WSF and selective erasing sub-fields ESF 

35 which are periodically alternate. 

[0074] The selective writing sub-fields WSF include the first sub-field SF1 , the fourth sub-field SF4, the seventh sub- 
field SF7 and the tenth sub-field SF10. The selective erasing sub-fields ESF include the second and fourth sub-fields 
SF2 and SF3 arranged between the first and fourth sub-fields SF1 to SF4, the fifth and sixth sub-fields SF5 and SF6 
arranged between thefourth and seventh sub-fields SF4 and SF7, the eighth and ninth sub-fields SF8 and SF9 arranged 

40 between the seventh and tenth sub-fields SF7 and SF10, and the eleventh and twelfth sub-fields SF11 and SF12 
following the tenth sub-field SF10. Accordingly, one frame includes 12 sub-fields SF1 to SF12 and has the selective 
writing sub-fields WSF and the selective erasing sub-fields ESF which are alternately arranged. The number of selective 
erasing sub-fields ESF arranged between the selective writing sub-fields WSF may be controlled. 
[0075] The first sub-field SF1 is divided into a reset interval for turning off the entire field, a selective writing address 

45 interval for turning on the selected discharge cells and a sustaining interval for causing a sustaining discharge for the 
selected discharge cells. Each of the fourth sub-field SF4, the seventh sub-field SF7 and the tenth sub-field SF10 is 
a setup interval, the address interval and the sustaining interval. These selective writing sub-fields WSF do not include 
an individual erasing interval for erasing the sustaining discharge. 

[0076] In the selective writing sub-fields WSF, the selective writing address intervals are equal to each other every 
50 sub-field, whereas the sustaining interval and the discharge frequency are increased at a ratio of 2" (wherein n = 0, 2, 
4 or 6) every sub-field. 

[0077] The selective erasing sub-fields ESF do not have an entire writing period at which the entire field is written. 
Each of the selective erasing sub-fields ESF is divided into a selective erasing address interval for turning off the 
selected discharge cells and a sustaining interval for causing a sustaining discharge with respect to discharge cells 
55 other than the discharge cells selected by the address discharge. In the selective erasing sub-fields ESF, the selective 
erasing address intervals are set to be equal, whereas the sustaining interval and the discharge frequency are increased 
at a ratio of 2°, 2°; 2^, 2^; 2^, 2^ or 2^, 2^. 

[0078] Fig. 1 0A and Fig. 1 0B show driving waveforms in the PDP driving method according to a third embodiment 
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of the present invention. 

[0079] Referring to Fig. 10A, the first sub-field SF1 causes a writing discharge at the discharge cells of the entire 
field to be preceded by a reset interval for initializing the entire field. To this end, a relatively large, positive reset pulse 
RSTP is applied to the common sustaining electrode lines Z in the reset Interval or the setup interval. A first setup 
5 waveform RPS1 having a rising slope is applied to the scanning/sustaining electrode lines Y and thereafter a negative 
pulse -RSTP and a second setup waveform RPS2 having a rising slope are applied thereto. Then, the discharge cells 
of the entire field conduct discharge, sustaining and erasure processes to uniform a wall charge amount at the interior 
thereof and erase electric charges unnecessary for the discharge. 

[0080] In the address interval of the first writing sub-field SF1 , a negative writing scanning pulse -SWSCN and a 
10 positive writing data pulse SWD are applied to the scanning/sustaining electrode lines Y and the address electrode 

lines X, respectively in such a manner to be synchronized with each other. Then, the selected discharge cells accu- 
mulate wall charges and space charges by the address discharge. In this interval, a positive scanning direct current 
voltage DCSC continues to be applied to the common sustaining electrode lines Z. 

[0081] In the sustaining interval of the first sub-field SF1 , sustaining pulses SUSY and SUSZ are alternately applied 
15 to the scanning/sustaining electrode lines Y and the common sustaining electrode lines Z. The sustaining pulses SUSY 
and SUSZ allow the discharge cells having been turned on by the address dischargeto maintain a discharge. Discharge 
ceils other than the discharge cells selected by the address discharge do not generate a sustaining discharge. 
[0082] In the address intervals of the second and third sub-fields SF2 and SF3 which are the selective erasing sub- 
fields ESF, a negative erasing scanning pulse -SESCN and a positive erasing data pulse SED for turning off the dis- 
20 charge cell having been turned on in the previous sub-field are applied to the scanning/sustaining electrode lines Y 
and the address electrode lines X, respectively in such a manner to be synchronized with each other. The cells selected 
by the erasing scanning pulse -SESCN and the erasing data pulse SED cause a weak discharge to erase wall charges 
and space charges. 

[0083] in the sustaining intervals of the second and third sub-fields SF2 and SF3, the sustaining pulses SUSY and 
25 SUSZ are alternately to the scanning/sustaining electrode lines Y and the common sustaining electrode lines Z, Owing 
to these sustaining pulses SUSY and SUSZ, a discharge of the discharge cells which is not turned off by the address 
discharge is sustained to keep a turn-on state. 

[0084] Referring to Fig. 10B, the seventh sub-field SF7 is preceded by a setup interval for unifonnly accumulating 
wall charges in the discharge cells of the entire field. In the setup interval, a separate reset pulse RSTP Is not applied 
30 to the common sustaining electrode lines Z, but one ramp waveform RPS1 and one negative pulse -RSTP only are 
continuously applied to the scanning/sustaining electrode lines Y. A setup interval of the tenth sub-field SF10 also is 
supplied with the same waveform as that of the seventh sub-field SF7. 

[0085] The eighth and ninth sub-fields SF8 and SF9 and the eleventh and twelfth sub-fields SF11 and SF12 which 
are the selective erasing sub-fields ESF are different in the sustaining interval and the number of sustaining pulses, 

35 but are driven with the same driving waveforms as the second and third sub-fields SF2 and SF3. 

[0086] Alternatively the reset interval of the first sub-field SF1 may be driven with a setup wavefonn applied in the 
setup intervals of other selective writing sub-fields WSR 

[0087] Gray levels and coding methods expressed by the PDP driving method according to the third embodiment to 
SF1 2 are indicated in the following tables: 

40 

Table 4-1 



45 



50 



Gray 
level 


SF1 
(1) 


SF2 
(1) 


SF3 
(1) 


SF4 
(4) 


SF5 
(4) 


SF6 
(4) 


SF7 
(16) 


SF8 
(16) 


SF9 
(16) 


SF10 
(64) 


SF11 
(64) 


SF12 
(64) 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


2 


1 


1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


3 


1 


1 


1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


4 


0 


0 


0 




0 


0 


0 


0 


0 


0 


0 


0 


5 


1 


0 


0 




0 


0 


0 


0 


0 


0 


0 


0 


6 


1 


1 


0 




0 


0 


0 


0 


0 


0 


0 


0 


7 


1 


1 


1 




0 


0 


0 


0 


0 


0 


0 


0 


8 


0 


0 


0 




1 


0 


0 


0 


0 


0 


0 


0 


9 


1 


0 


0 




1 


0 


0 


0 


0 


0 


0 


0 
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Table 4-1 (continued) 



5 
10 
15 
20 
25 
30 
35 
40 


Gray 
level 


SF1 
(1) 


SF2 
(1) 


SF3 
(1) 


SF4 
(4) 


SF5 
(4) 


SF6 
(4) 


SF7 
(16) 


SF8 
(16) 


SF9 
(16) 


Or 1 U 

(64) 


o r I 1 
(64) 


or 1 ^ 
(64) 


10 


1 


1 


0 


1 


1 


0 


0 


0 


0 


0 


0 


0 


11 


1 


1 


1 


1 


1 


0 


0 


0 


0 


0 


0 


0 


12 




0 


0 


1 


1 


1 


0 


0 


0 


0 


0 


0 


13 


1 


0 


0 


1 


1 


1 


0 


0 


0 


0 


0 


0 


14 


1 


1 


0 


1 


1 


1 


0 


0 


0 


0 


0 


0 


15 


1 


1 


1 


1 


1 


1 


0 


0 


0 


0 


0 


0 


16 




0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


17 


1 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


18 


1 


1 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


19 


1 


1 


1 


0 


0 


0 


1 


0 


0 


0 


0 


0 


20 




0 


0 


1 


0 


0 


1 


0 


0 


0 


0 


0 


21 


1 


0 


0 


1 


0 


0 


1 


0 


0 


0 


0 


0 


22 


1 


1 


0 


1 


0 


0 


1 


0 


0 


0 


0 


0 


23 


1 


1 


1 


1 


0 


0 


1 


0 


0 


0 


0 


0 


24 




0 


0 


1 


1 


0 


1 


0 


0 


0 


0 


0 


25 


1 


0 


0 


1 


1 


0 


1 


0 


0 


0 


0 


0 


26 


1 


1 


0 


1 


1 


0 


1 


0 


0 


0 


0 


0 


27 


1 


1 


1 


1 


1 


0 


1 


0 


0 


0 


0 


0 


28 




0 


0 


1 


1 


1 


1 


0 


0 


0 


0 


0 


29 


1 


0 


0 


1 


1 


1 


1 


0 


0 


0 


0 


0 


30 


1 


1 


0 


1 


1 


1 


1 


0 


0 


0 


0 


0 


31 


1 


1 


1 


1 


1 


1 


1 


0 


0 


0 


0 


0 


32 




0 


0 


0 


0 


0 


1 


1 


0 


0 


0 


0 


33 




0 


0 


0 


0 


0 






0 


0 


0 


0 


34 




1 


0 


0 


0 


0 






0 


0 


0 


0 


35 




1 


1 


0 


0 


0 






0 


0 


0 


0 


36 


0 


0 


0 


1 


0 


0 






0 


0 


0 


0 




37 


1 


0 


0 


1 


0 


0 






0 


0 


0 


0 


45 

Table 4-2 


50 


SF1 
(1) 


SF2 
(1) 


SF3 
(1) 


SF4 
(4) 


SF5 
(4) 


SF6 
(4) 


SF7 
(16) 


SF8 
(16) 


SF9 
(16) 


SF10 
(64) 


SF11 
(64) 


SF12 
(64) 


Gray 
level 




1 


1 


0 




0 


0 






0 


0 


0 


0 


38 




1 


1 


1 




0 


0 






0 


0 


0 


0 


39 




0 


0 


0 




1 


0 






0 


0 


0 


0 


40 


55 


1 


0 


0 




1 


0 






0 


0 


0 


0 


41 




1 


1 


0 




1 


0 






0 


0 


0 


0 


42 



12 
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Table 4-2 (continued) 





SF1 
(1) 


SF2 
(1) 


SF3 
(1) 


SF4 
(4) 


SF5 
(4) 


SF6 
(4) 


SF7 
(16) 


SF8 
(16) 


SF9 
(16) 


SF10 
(64) 


SF11 
(64) 


SF12 
(64) 


Gray 
level 


5 




1 


1 






0 






0 


0 


0 


0 


43 






0 


0 






1 






0 


0 


0 


0 


44 






0 


0 






1 






0 


0 


0 


0 


45 


10 




1 


0 






1 






0 


0 


0 


0 


46 




1 


1 






1 






0 


0 


0 


0 


47 






0 


0 


0 


0 


0 








0 


0 


0 


48 






0 


0 


0 


0 


0 








0 


0 


0 


49 


15 




1 


0 


0 


0 


0 








0 


0 


0 


50 






1 


1 


0 


0 


0 








0 


0 


0 


51 






0 


0 




0 


0 








0 


0 


0 


52 


20 




0 


0 




0 


0 








0 


0 


0 


53 




1 


0 




0 


0 








0 


0 


0 


54 






1 


1 




0 


0 








0 


0 


0 


55 






0 


0 




■ 


0 


■ 


■ 


■ 


0 


0 


0 


56 


25 




0 


0 






0 








0 


0 


0 


57 






1 


0 






0 








0 


0 


0 


58 






1 


1 






0 








0 


0 


0 


59 


30 




0 


0 






1 








0 


0 


0 


60 






0 


0 






1 








0 


0 


0 


61 






1 


0 






1 








0 


0 


0 


62 






1 


1 






1 








0 


0 


0 


63 


35 




0 


0 


0 


0 


0 


0 


0 


0 




0 


0 


64 






0 


0 


0 


0 


0 


0 


0 


0 




0 


0 


65 






1 


0 


0 


0 


0 


0 


0 


0 




0 


0 


66 


40 




1 


1 


0 


0 


0 


0 


0 


0 




0 


0 


67 






0 


0 




0 


0 


0 


0 


0 




0 


0 


68 






0 


0 




0 


0 


0 


0 


0 




0 


0 


69 






1 


0 




0 


0 


0 


0 


n 




0 


0 


70 


45 




1 


1 




0 


0 


0 


0 


0 




0 


0 


71 






0 


0 






0 


0 


0 


0 




0 


0 


72 






0 


0 






0 


0 


0 


0 




0 


0 


73 


50 




1 


0 






0 


0 


0 


0 




0 


0 


74 






1 


1 






0 


0 


0 


0 




0 


0 


75 




0 


0 


0 






1 


0 


0 


0 




0 


0 


76 



55 
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Table 4-3 





SF1 


SF2 


SF3 


SF4 


SF5 


SF6 


SF7 


SF8 


SF9 


SF10 


SF11 


SF12 


Gray 


5 


(1) 


(1) 


(1) 


(4) 


(4) 


(4) 


(16) 


(16) 


(16) 


(64) 


(64) 


(64) 


level 




0 


0 


1 


1 


1 


0 


0 


0 




0 


0 


77 






1 


0 


1 


1 


1 


0 


0 


0 




0 


0 


78 






1 


1 


1 


1 


1 


0 


0 


0 




0 


0 


79 


10 




0 


0 


0 


0 


0 




0 


0 




0 


0 


80 






0 


0 


0 


0 


0 




0 


0 




0 


0 


81 






1 


0 


0 


0 


0 




0 


0 




0 


0 


82 


15 




1 


1 


0 


0 


0 




0 


0 




0 


0 


83 




0 


0 




0 


0 




0 


0 




0 


0 


84 






0 


0 




0 


0 




0 


0 




0 


0 


85 






1 


0 




0 


0 




0 


0 




0 


0 


86 


20 




1 


1 




0 


0 




0 


0 




0 


0 


87 






0 


0 






0 




0 


0 




0 


0 


88 






0 


0 






0 




0 


0 




0 


0 


89 


25 




1 


0 






0 




0 


0 




0 


0 


90 






1 


1 






0 




0 


0 




0 


0 


91 






0 


0 






1 




0 


0 




0 


0 


92 






0 


0 






1 




0 


0 




0 


0 


93 


30 




1 


0 






1 




0 


0 




0 


0 


94 






1 


1 






1 




0 


0 




0 


0 


95 






0 


0 


0 


0 


0 






0 




0 


0 


96 


35 




0 


0 


0 


0 


0 






0 




0 


0 


97 






1 


0 


0 


0 


0 






0 




0 


0 


98 






1 


1 


0 


0 


0 






0 




0 


0 


99 






0 


0 




0 


0 






0 




0 


0 


100 


40 




0 


0 




0 


0 






0 




0 


0 


101 






1 


0 




0 


0 






0 




0 


0 


102 






1 


1 




0 


0 






0 




0 


0 


103 


45 




0 


0 






0 






0 




0 


0 


104 






0 


0 






0 






0 




0 


0 


105 






1 


0 






0 






0 




0 


0 


106 






1 


1 






0 






0 




0 


0 


107 


50 




0 


0 






1 






0 




0 


0 


108 






0 


0 






1 






0 




0 


0 


109 






1 


0 






1 






0 




0 


0 


110 


55 




1 


1 






1 






0 




0 


0 


111 




0 


0 


0 


0 


0 


0 






1 




0 


0 


112 




1 


0 


0 


0 


0 


0 






1 




0 


0 


113 
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Table 4-3 



continued) 



SF1 
(1) 


SF2 
(1) 


SF3 
(1) 


SF4 
(4) 


SF5 
(4) 


SF6 
(4) 


SF7 
(16) 


SF8 
(16) 


SF9 
(16) 


SF10 
(64) 


SF11 
(64) 


SF12 
(64) 


Gray 
level 


1 


1 


0 


0 


0 


0 


1 


1 


1 


1 


0 


0 


114 


1 


1 


1 


0 


0 


0 


1 


1 


1 


1 


0 


0 


115 


0 


0 


0 


1 


0 


0 


1 


1 


1 


1 


0 


0 


116 


1 


0 


0 


1 


0 


0 


1 


1 


1 


1 


0 


0 


117 


Table 4-4 


SF1 
(1) 


SF2 
(1) 


SF3 
(1) 


SF4 
(4) 


SF5 
(4) 


SF6 
(4) 


SF7 
(16) 


SF8 
(16) 


SF9 
(16) 


SF10 
(64) 


SF11 
(64) 


SF12 
(64) 


Gray 
level 




1 


0 




0 


0 










0 


0 


118 




1 


1 




0 


0 










0 


0 


119 




0 


0 






0 










0 


0 


120 




0 


0 






0 










0 


0 


121 




1 


0 






0 










0 


0 


122 




1 


1 






0 










0 


0 


123 




0 


0 






1 










0 


0 


124 




0 


0 






1 










0 


0 


125 




1 


0 






1 










0 


0 


126 




1 - 


1 






1 










0 


0 


127 




0 


0 


0 


0 


0 


0 


0 


0 






0 


128 




0 


0 


0 


0 


0 


0 


0 


0 






0 


129 




1 


0 


0 


0 


0 


0 


0 


0 






0 


130 




1 


1 


0 


0 


0 


0 


0 


0 






0 


131 




0 


0 




0 


0 


0 


0 


0 






0 


132 




0 


0 




0 


0 


0 


0 


0 






0 


133 




1 


0 




0 


0 


0 


0 


0 






0 


\ o4 




1 


1 




0 


0 


0 


0 


0 






0 


135 




0 


0 






0 


0 


0 


0 






0 


136 




0 


0 






0 


0 


0 


0 






0 


137 




1 


0 






0 


0 


0 


0 






0 


138 




1 


1 






0 


0 


0 


0 






0 


139 




0 


0 






1 


0 


0 


0 






0 


140 




0 


0 






1 


0 


0 


0 






0 


141 




1 


0 






1 


0 


0 


0 






0 


142 




1 


1 






1 


0 


0 


0 






0 


143 




0 


0 


0 


0 


0 


1 


0 


0 






0 


144 




0 


0 


0 


0 


0 


1 


0 


0 






0 


145 




1 


0 


0 


0 


0 


1 


0 


0 






0 


146 



15 
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Table 4-4 (continued) 



5 
10 
15 

20 


SF1 
(1) 


SF2 
(1) 


SF3 
(1) 


SF4 
(4) 


SF5 
(4) 


SF6 
(4) 


SF7 
(16) 


Oi o 

(16) 


or y 

(16) 


or 1 U 

(64) 


or 1 1 

(64) 


or 1 

(64) 


Gray 
level 


1 


1 


1 


0 


0 


0 


1 


0 


0 


1 


1 


0 


147 




0 


0 


1 


0 


0 


1 


0 


0 


1 


1 


0 


148 


1 


0 


0 


1 


0 


0 


1 


0 


0 


1 


1 


0 


149 


1 


1 


0 


1 


0 


0 


1 


0 


0 


1 


1 


0 


150 


1 


1 


1 


1 


0 


0 


1 


0 


0 


1 


1 


0 


151 




0 


0 


1 


1 


0 


1 


0 


0 


1 


1 


0 


152 


1 


0 


0 


1 


1 


0 


1 


0 


0 


1 


1 


0 


153 




1 


0 






0 




0 


0 






0 


154 




1 


1 






0 




0 


0 






0 


155 




0 


0 






1 




0 


0 






0 


156 




0 


0 






1 




0 


0 






0 


157 




1 


0 






1 




0 


0 






0 


158 


25 
30 
35 
40 
45 
50 


Table 4-5 


SF1 
(1) 


SF2 
(1) 


SF3 

(1) 


SF4 
(4) 


SF6 
(4) 


SF6 
(4) 


SF7 
(16) 


SF8 
(16) 


SF9 
(16) 


SF10 
(64) 


SF11 
(64) 


SF12 
(64) 


Gray 
level 




1 


1 


1 


1 


1 




0 


0 






0 


159 




0 


0 


0 


0 


0 






0 






0 


160 




0 


0 


0 


0 


0 






0 






0 


161 




1 


0 


0 


0 


0 






0 






0 


162 




1 


1 


0 


0 


0 






0 






0 


163 




0 


0 




0 


0 






0 






0 


164 




0 


0 




0 


0 






0 






0 


165 




1 


0 




0 


0 . 






0 






0 


166 




1 


1 




0 


0 






0 






0 


167 




0 


0 






0 






0 






0 


168 




0 


0 






0 






0 






0 


169 




1 


0 






0 






0 






0 


170 




1 


1 






0 






0 






0 


171 




0 


0 






1 






0 






0 


172 




0 


0 






1 






0 






0 


173 




1 


0 






1 






0 






0 


174 




1 


1 






1 






0 






0 


175 


55 




0 


0 


0 


0 


0 






1 






0 


176 




0 


0 


0 


0 


0 






1 






0 


177 




1 


0 


0 


0 


0 






1 






0 


178 






1 


1 


0 


0 


0 






1 






0 


179 



16 
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Table 4-5 (continued) 



SF1 
(1) 


SF2 
(1) 


SF3 
(1) 


SF4 
(4) 


SF5 
(4) 


SF6 
(4) 


SF7 
(16) 


SF8 
(16) 


SF9 
(16) 


SF10 
(64) 


SF11 
(64) 


SF12 
(64) 


Gray 
level 


0 


0 


0 




0 


0 












0 


180 


1 


0 


0 




0 


0 












0 


1 81 


1 


1 


0 




0 


0 












0 


1 82 


1 


1 


1 




0 


0 












0 


183 


0 


0 


0 






0 












0 


1 84 


1 


0 


0 






0 












0 


185 


1 


1 


0 






0 












0 


186 


1 


1 


1 






0 












0 


1 87 


00 


0 


0 






1 












0 


188 


1 


0 


0 






1 












0 


189 


1 


1 


0 






1 












0 


190 


1 


1 


1 






1 












0 


191 


0 


0 


0 


0 


0 


0 


0 


0 


0 






1 


192 


1 


0 


0 


0 


0 


0 


0 


0 


0 






1 


193 


1 


1 


0 


0 


0 


0 


0 


0 


0 






1 


194 


1 


1 


1 


0 


0 


0 


0 


0 


0 






1 


195 


0 


0 


0 


1 


0 


0 


0 


0 


0 






1 1 


196 


1 


0 


0 


1 


0 


0 


0 


0 


0 






1 


197 


1 


1 


0 


1 


0 


0 


0 


0 


0 






1 


198 


Table 4-6 


SF1 
(1) 


SF2 
(1) 


SF3 
(1) 


SF4 
(4) 


SF5 
(4) 


SF6 
(4) 


SF7 
(16) 


SF8 
(16) 


SF9 
(16) 


SF10 
(64) 


SF11 
(64) 


SF12 
(64) 


Gray 
level 




1 


1 




0 


0 


0 


0 


0 








199 




0 


0 






0 


0 


0 


0 








200 




0 


0 






0 


0 


0 


0 








201 




1 


0 






0 


0 


0 


0 








202 




1 


1 






0 


0 


0 


0 








203 




0 


0 






1 


0 


0 


0 








204 




0 


0 






1 


0 


0 


0 








205 




1 


0 






1 


0 


0 


0 








206 




1 


1 






1 


0 


0 


0 








207 




0 


0 


0 


0 


0 




0 


0 








208 




0 


0 


0 


0 


0 




0 


0 








209 




1 


0 


0 


0 


0 




0 


0 








210 




1 


1 


0 


0 


0 




0 


0 








211 


0 


0 


0 


1 


0 


0 




0 


0 








212 



17 
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Table 4-6 (continued) 





SF1 


SF2 


SF3 


SF4 


SF5 


SF6 


Oi / 


Oi o 




Or 1 \J 


QF1 1 
or 1 1 


0 1 1 ^ 


Gray 




(1) 


(1) 


(1) 


(4) 


(4) 


(4) 


(16) 


(16) 


(16) 


(64) 


(64) 


(64) 


level 


5 


1 


0 


0 


1 


0 


0 


1 


0 


0 


1 


1 


1 


213 




1 


1 


0 


1 


0 


0 


1 


0 


0 


1 


1 


1 


214 




1 


1 


1 


1 


0 


0 


1 


0 


0 


1 


1 


1 


215 


10 




0 


0 


1 


1 


0 


1 


0 


0 


1 


1 


1 


216 


1 


0 


0 


1 


1 


0 


1 


0 


0 


1 


1 


1 


217 




1 


1 


0 


1 


1 


0 


1 


0 


0 


1 


1 


1 


218 




1 


1 


1 


1 


1 


0 


1 


0 


0 


1 


1 


1 


219 


15 




0 


0 


1 


1 


1 


1 


0 


0 


1 


1 


1 


220 




1 


0 


0 


1 


1 


1 


1 


0 


0 


1 


1 


1 


221 




1 


1 


0 


1 


1 


1 


1 


0 


0 


1 


1 


1 


222 


20 


1 


1 


1 


1 


1 


1 


1 


0 


0 


1 


1 


1 


223 






0 


0 


0 


0 


0 


1 


1 


0 


1 


1 


1 


224 




1 


0 


0 


0 


0 


0 


1 ■ 


1 


0 


1 


1 


1 


225 




1 


1 


0 


0 


0 


0 


1 


1 


0 


1 


1 


1 


226 


25 


1 


1 


1 


0 


0 


0 


1 


1 


0 


1 


1 


1 


227 






0 


0 


1 


0 


0 


1 


1 


0 


1 


1 


1 


228 




1 


0 


0 


1 


0 


0 


1 


1 


0 


1 


1 


1 


229 


30 




1 


0 




0 


0 






0 








230 






1 


1 




0 


0 






0 








231 






0 


0 




1 


0 






0 








232 






0 


0 




1 


0 






0 








233 


35 




1 


0 




1 


0 






0 








234 



Table 4-7 



40 



45 



50 



55 



SF1 
(1) 


SF2 
(1) 


SF3 
(1) 


SF4 
(4) 


SF5 
(4) 


SF6 
(4) 


SF7 
(16) 


SF8 
(16) 


SF9 
(16) 


SF10 
(64) 


SF11 
(64) 


SF12 
(64) 


Gray 
level 




1 


1 






0 






0 








235 




0 


0 






1 






0 








236 




0 


0 






1 






0 








237 




1 


0 






1 






0 








238 




1 


1 






1 






0 








239 




0 


0 


0 


0 


0 














240 




0 


0 


0 


0 


0 














241 




1 


0 


0 


0 


0 














242 




1 


1 


0 


0 


0 














243 


0 


0 


0 


1 


0 


0 














244 


1 


0 


0 


1 


0 


0 














245 



18 
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Table 4-7 (continued) 



SF1 


SF2 


SF3 


SF4 


SF5 


SF6 


SF7 


SF8 


SF9 


SF10 


SF11 


SF12 


Gray 


(1) 


(1) 


(1) 


(4) 


(4) 


(4) 


(16) 


(16) 


(16) 


(64) 


(64) 


(64) 


level 


1 


1 


0 




0 


0 


1 


1 


1 


1 


1 


1 


246 


1 


1 


1 




0 


0 


1 


1 


1 


1 


1 


1 


247 


0 


0 


0 




1 


0 


1 


1 


1 


1 


1 


1 


248 


1 


0 


0 




1 


0 


1 


1 


1 


1 


1 


1 


249 


1 


1 


0 




1 


0 


1 


1 


1 


1 


1 


1 


250 


1 


1 


1 




1 


0 


1 


1 


•4 

1 


1 


\ 


1 




0 


0 


0 




1 


1 


1 


1 


1 


1 


1 


1 


252 


1 


0 


0 




1 


1 


1 


1 


1 


1 


1 


1 


253 


1 


1 


0 




1 


1 


1 


1 


1 


1 


1 


1 


254 


1 


1 


1 




1 


1 


1 


1 


1 


1 


1 


1 


255 



[0088] As can be seen fronn Table 4-1 to Table 4-7, the POP driving method according to the third embodiment can 
continuously express total 256 gray ieve! values of 0 to 255. The selective erasing sub-fields ESF express gray levels 
by the linear coding allowing a gray level expression only when the previous sub-field has been necessarily turned on. 
In other words, the second sub-field SF2, the third sub-field SF3, the fifth sub-field SF5, the sixth sub-field SF6, the 
eighth sub-field SF8, the ninth sub-field Sf9, the eleventh sub-field SF11 and the twelfth sub-field SF12 successively 
turn off the cells turned on in the previous sub-field in accordance with their gray level values. For instance, the fourth 
sub-field SF4 must be in a turn-on state in order to turn on the fifth sub-field SF5, and the fifth sub-field SF5 must be 
in a turn-on state in order to turn on the sixth sub-field SF6. Accordingly, the sub-fields ESF driven by the selective 
writing system do not require a separate writing discharge for a selective erasure addressing. 
[0089] In the PDP driving method according to the third embodiment, brightness weighting values of the first to twelfth 
sub-fields SF1 to SF12 are assigned to 2^, 2°, 2°, 22, 22, 22, 24 2^, 2^, 2^, 2^, 2^ as seen from Table 4-1 to Table 4-7. 
In other words, the brightness weighting values of the selective erasing sub-fields ESF are set to be equal to those of 
the selective writing sub-fields WSF arranged at the front stage thereof. 

[0090] When a PDP has a VGA class resolution, an address interval in the PDP driving method according to the 
third embodiment is 9.6ms. Thus, the sustaining interval can be more assured. Herein, the address interval is a sum 
of 5.76ms calculated by 3^s(a pulse width of the selective writing scanning pulse) x 480 lines x 4(the number of 
selective writing sub-fields) per frame and 3.84ms calculated by 1p-s(a pulse width of the selective erasing scanning 
pulse) X 480 lines X 8(the number of selective scanning sub-fields) per frame. Furthermore, the PDP driving method 
according to the third embodiment omits an erasing interval, so that it can assure the sustaining Interval even though 
one frame consists of 12 sub-fields. 

[0091] Moreover, the PDP driving method according to the third embodiment eliminates an entire writing interval 
from the selective erasing sub-fields ESF to improve a contrast ratio. 

[0092] Fig. 11 show driving waveforms in the PDP driving method according to a fourth embodiment of the present 
Invention. 

[0093] Referring to Fig. 11 , in the PDP driving method according to the fourth embodiment, selective writing sub- 
fields WSF are followed by m selective erasing sub-fields ESF. The selective writing sub-field WSF includes the first 
sub-field SF1 . The selective erasing sub-field ESF includes the second to mth sub-fields SF1 to SFm (wherein m is a 
positive integer). Thus, one frame includes (m-i-1) sub-fields. 

[0094] The first sub-field SF1 Is divided into a reset interval for turning off the entire field, a selective writing address 
Interval for turning on the selected discharge cells and a sustaining interval for causing a sustaining discharge of the 
selected discharge cells. Each of the second to mth sub-fields SF2 to SFm does not have an entire writing period at 
which the entire field is written and is divided to a selective erasing address interval for turning off the selected discharge 
cells and a sustaining interval for causing a sustaining discharge of the remaining discharge cells other than the dis- 
charge cells selected by the address discharge. 

[0095] Since driving wavefonns of the selective writing sub-field WSF and the selective erasing sub-field ESF are 
identical to those In Fig. 10A and Fig. 10B, an explanation as to these driving wavefonns will be omitted. A driving 
waveform In the reset interval of the first sub-filed SF1 can be replaced by the driving waveform in the setup interval 
in Fig. lOAandFlg. 10B. 
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[0096] Fig. 12 shows a configuration of one frame in a PDP driving method according to a fifth embodiment of the 
present invention. 

[0097] Referring to Fig. 12, in the PDP driving method according to the fifth embodiment, one frame is divided into 

a selective writing sub-fletd WSF having 4 sub-fields SF1 to SF4 for expressing low gray level values and a selective 

erasing sub-field ESF having 6 sub-fields SF5 to SF10 for expressing high gray level values, 

[0098] The first sub-field SF1 is divided into a reset interval for turning off the entire field, a selective erasing address 

interval for turning off the selected discharge cells and a sustaining interval for causing a sustaining discharge for the 

remaining discharge cells other than the discharge cells selected by the address discharge. In the sixth to eleventh 

sub-fields SF6 to SF11 , the selective erasing address interval is set to be equal to the sustaining interval. 

[0099] in frames including the selective writing sub-fields WSF and the selective erasing sub-fields ESR the l<th 

frame and the following {k+1)th frame (wherein k is a positive Integer) are set to have a different brightness weighting 

value from each other in at least a portion of sub-fields 

[01 00] Brightness weighting values assigned for each sub-field in the kth frame and the (k+1 )th frame are is indicated 
in the following table: 



Table 5 



Subfield 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


K* Frame 


(2) 


(8) 


(16) 


(32) 


(32) 


(32) 


(32) 


(32) 


(32) 


(32) 


(K+1)th Frame 


(4) 


(16) 


(16) 


(32) 


(32) 


(32) 


(32) 


(32) 


(32) 


(32) 



[01 01 ] As can be seen from Table 5, in the PDP driving method according to thef ifth embodiment, a relative brightness 
ratio of the selective writing sub-fields WSF for expressing low gray levels in the kth frame Is set to be different from 
that in the (k+1 )th frame. In the kth frame, brightness weighting values of the first to fourth sub-fields SF1 to SF4 are 
set to 2^, 2"^, 2^ and 2^, respectively On the other hand, in the (k+1)th frame, brightness weighting values of the first 
to fourth sub-fields SF1 to SF4 are set to 2^, 2^, 2^ and 2^, respectively The sustaining interval and the discharge 
frequency of each selective writing sub-field WSF in the kth frame become different from those in the (k+1)th frame 
depending on the brightness weighting values set in this manner. 

[0102] The selective erasing sub-fields ESF in the kth frame is set to be identical to those in the (k+1)th frame. In 
other words, brightness weighting values of the fifth to tenth sub-fields SF5 to SF1 0 in the kth frame are set to 26 which 
is equal to those in the (k+1)th frame. 

[0103] The first to fourth sub-fields SF1 to SF4 of the kth frame and the (k+l)th frame for expressing low gray level 
values are binary-coded. On the other hand, the fifth to tenth sub-fields SF5 to SF10 of the kth frame and the (k+1)th 
frame for expressing high gray level values are linearly coded. In other words, the first to fourth sub-fields SF1 to SF4 
successively express a low gray level range by a combination of brightness weighting values expressed by a binary 
code, whereas the fifth to tenth sub-fields SF5 to SF1 0 successively turn off the discharge cells selected In the previous 
sub-field to express a high gray level range. 

[0104] Such a gray level expression utilizes a fact that an integration value of brightness values expressed in each 
of the kth frame and the (k+1)th frame can be observed by an observer. This will be described in detail in conjunction 
with the following tables that represents a gray level expression of 0 to 32 and 64. 



Table 6-1 



Gray level 


Frame 


Subfield 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


0 


k 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


k+1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 


k 


0 


X 


X 


X 


X 


X 


X 


X 


X 


X 


k+1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


2 


k 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


k+1 


0 


X 


X 


X 


X 


X 


X 


X 


X 


X 


3 


k 


O 


X 


X 


X 


X 


X 


X 


X 


X 


X 


k+1 


O 


X 


X 


X 


X 


X 


X 


X 


X 


X 
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Table 6-1 (continued) 





Gray level 


Frame 


Subfield 








1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


5 


4 


k 


X 


0 


X 


X 


X 


X 


X 


X 


X 


X 






k+1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 




5 


k 


0 


0 


X 


X 


X 


X 


X 


X 


X 


X 


10 




k+1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 




6 


k 


X 


0 


X 


X 


X 


X 


X 


X 


X 


X 






k+1 


O 


X 


X 


X 


X 


X 


X 


X 


X 


X 


15 


7 


k 


0 


0 


X 


X 


X 


X 


X 


X 


X 


X 




k+1 


0 


X 


X 


X 


X 


X 


X 


X 


X 


X 




3 


k 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 






k+1 


X 


0 


X 


X 


X 


X 


X 


X 


X 


X 


20 


9 


k 


O 


X 


X 


X 


X 


X 


X 


X X 


X 


X 






k+1 


X 


O 


X 


X 


X 


X 


X 


X 


X 


X 




10 


k 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


25 




k+1 


0 


0 


X 


X 


X 


X 


X 


X X 


X 


X 


11 


k 


O 


X 


X 


X 


X 


X 


X 


X 


X 


X 






k+1 


o 


O 


X 


X 


X 


X 


X 


X 


X 


X 




12 


k 


X 


O 


X 


X 


X 


X 


X 


X 


X 


X 


30 




k+1 


X 


O 


X 


X 


X 


X 


X 


X 


X 


X 




13 


k 


0 


O 


X 


X 


X 


X 


X 


X 


X 


X 






k+1 


X 


0 


X 


X 


X 


X 


X 


X 


X 


X 


35 


14 


k 


X 


o 


X 


X 


X 


X 


X 


X 


X 


X 




k+1 


0 


0 


X 


X 


X 


X 


X 


X 


X 


X 




15 


k 


O 


o 


X 


X 


X 


X 


X 


X 


X 


X 






k+1 


0 


0 


X 


X 


X 


X 


X 


X 


X 


X 


40 


16 


k 


X 


X 


0 


X 


X 


X 


X 


X 


X 


X 






k+1 


X 


X 


o 


X 


X 


X 


X 


X 


X 


X 




17 


k 


0 


X 


■ 0 


X 


X 


X 


X 


X 


X 


X 


45 




k+1 


X 


X 


o 


X 


X 


X 


X 


X 


X 


X 


18 


k 


X 


X 


0 


X 


X 


X 


X 


X 


X 


X 






k+1 


0 


X 


0 


X 


X 


X 


X 


X 


X 


X 



Table 6-2 



55 



Gray level 


Frame 


Subfield 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


19 


k 


O 


X 


0 


X 


X 


X 


X 


X 


X 


X 


k+1 


o 


X 


O 


X 


X 


X 


X 


X 


X 


X 
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Table 6-2 (continued) 



50 



55 



Gray level 


Frame 


Subfleld 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


20 


k 


X 


0 


0 


X 


X 


X 


X 


X 


X 


X 




k+1 


X 


X 


0 


X 


X 


X 


X 


X 


X 


X 


21 


k 


0 


0 


0 


X 


X 


X 


X 


X 


X 


X 




k+1 


X 


X 


0 


X 


X 


X 


X 


X 


X 


X 


22 


k 


X 


O 


0 


X 


X 


X 


X 


X 


X 


X 




k+1 


0 


X 


o 


X 


X 


X 


X 


X 


X 


X 


23 


k 


O 


O 


0 


X 


X 


X 


X 


X 


X 


X 




k+1 


0 


X 


o 


X 


X 


X 


X 


X 


X 


X 


24 


k 


X 


X 


0 


X 


X 


X 


X 


X 


X 


X 




k+1 


X 


0 


o 


X 


X 


X 


X 


X 


X 


X 


25 


k 


O 


X 


0 


X 


X 


X 


X 


X 


X 


X 




k+1 


X 


O 


o 


X 


X 


X 


X 


X 


X 


X 


26 


k 


X 


X 


o 


X 


X 


X 


X 


X 


X 


X 




k+1 


O 


O 


0 


X 


X 


X 


X 


X 


X 


X 


27 


k 


O 


X 


0 


X 


X 


X 


X 


X 


X 


X 




k+1 


O 


O 


o 


X 


X 


X 


X 


X 


X 


X 


28 


k 


X 


O 


o 


X 


X 


X 


X 


X 


X 


X 




k+1 


X 


0 


o 


X 


X 


X 


X 


X 


X 


X 


29 


k 


O 


0 


o 


X 


X 


X 


X 


X 


X 


X 




k+1 


X 


0 


o 


X 


X 


X 


X 


X 


X 


X 


30 


k 


X 


0 


o 


X 


X 


X 


X 


X 


X 


X 




k+1 


0 


o 


o 


X 


X 


X 


X 


X 


X 


X 


31 


k 


0 


o 


o 


X 


X 


X 


X 


X 


X 


X 




k+1 


O 


0 


0 


X 


X 


X 


X 


X 


X 


X 


32 


k 


X 


X 


X 


o 


X 


X 


X 


X 


X 


X 




k+1 


X 


X 


X 


0 


X 


X 


X 


X 


X 


X 


64 


k 


X 


X 


X 


o 


o 


X 


X 


X 


X 


X 




k+1 


X 


X 


X 


o 


0 


X 


X 


X 


X 


X X 



[0105] As seen from Table 6-1 , in order to express a gray level value of '1', only the first sub-field SF1 in the kth 
frame is turned on while the remaining kth frame and the entire (k+1)th frame are turned off. At this time, an observer 
can observe an image at a brightness having a weighting value of '2' in a sum interval of the kth frame and the (k+1) 
th frame. As a result, an observer observes an image at a brightness corresponding to a gray level value of '1' by the 
integration effect. Similarly, a gray level value '16' is expressed by turning on only the third sub-fields SF3 of the kth 
frame and the (k+1)th frame, each of which has a brightness weighting value of '16', while turning off the remaining 
sub-fields. A gray level value '32' is expressed by turning on only the fourth sub-fields SF4 of the kth frame and the 
{k+1)th frame, each of which has a brightness weighting value of '32'. A gray level value '33' as not indicated in Table 
6-1 and Table 6-2 is expressed by turning on only the first sub-field SF1 of the kth frame which has a brightness 
weighting value of '2' and the fourth sub-fields SF4 of the kth frame and the (k+1 )th frame, each of which has a brightness 
weighting value of '32', while turning off the remaining sub-fields. 

[0106] As a result, the PDF driving method according to the fifth embodiment Is capable of expressing 256 gray 
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levels successively by utilizing the Integration effect of two frames even when the address interval Is nnore reduced. 
Also, it is capable of display a natural image even when the nunnber of sub-fields is more reduced. More specifically, 
the prior art requires at least four sub-fields for an expression of total 16 gray levels from 0 until 15. Comparatively, the 
PDP driving method according to the fifth embodiment can express total 1 6 gray levels from 0 until 1 5 only by two sub- 

5 fields by giving a different weighting value to two frames and utilizing the integration effect of these two sub-fields. 
[0107] A driving time and a contrast in the PDP driving method according to the fifth embodiment are as follows. 
[0108] When a PDP has a VGA class resolution, a time required for an address interval is merely 8.64ms. As the 
address interval is more reduced, the sustaining Interval can be sufficiently assured into 6.43ms. Herein, the address 
interval is a sum of 5.76ms calculated by 3^s(a pulse width of the selective writing scanning pulse) x 480 lines x 4 

10 (the number of selective writing sub-fields) per frame and 2.88ms calculated by 1^s{a pulse width of the selective 
erasing scanning pulse) x 480 lines x 6(the number of selective scanning sub-fields) perframe. The sustaining interval 
is a value (16.67ms - 8.64ms - 0.3ms - 1ms - 0.3ms) subtracting an address interval of 8.64ms, once reset interval of 
0.3ms, an extra time of the vertical synchronizing signal Vsync of Ims and an erasing period of 1 00^,s x 3(the number 
of sub-fields) = 0.3ms from one frame interval of 16.67ms. 

15 [0109] If the entire field is turned on in the sustaining interval of 6.43ms, a light of about 640 cd/m^ corresponding 
to a brightness of the peal< white is produced. On the other hand, if any field is turned on only in once reset interval 
within one frame, a light of about 0.7 cd/m^ corresponding to the black is produced. Accordingly, a darkroom contrast 
ratio In the PDP driving method according to the fifth embodiment becomes a level of 91 0 : 1 . 
[0110] Meanwhile, driving waveforms of each frame in the PDP driving method according to the fifth embodiment 

20 can be used as the driving waveforms in Fig. 6 and Fig. 7 as far as the number of sub-fields is controlled. 

[0111] Fig. 13 shows a PDP driving apparatus according to preferred embodiments of the present Invention. The 
PDP driving apparatus will be described in conjunction with Fig. 6 that represents the driving waveforms according to 
the first embodiment of the present invention. 

[0112] Referring to Fig. 13, the present PDP driving apparatus includes a Y driver 100 for driving m scanning/sus- 
25 taining electrode lines Y1 to Ym, a Z driver 102 for driving m common sustaining electrode lines Z1 to Zm, and a X 
driver 104 for driving n address electrode lines XI to Xn. 

[0113] The Y driver 100 applies set-up/down wavefonns RPSY and - RPSY in the selective writing sub-field WSF 

to initialize the entire field and, at the same time, sequentially applies different scanning pulses -SWSCN and -SESCN 
to the scanning/sustaining electrode lines Y1 to Ym in the selective writing sub-field WSF and the selective erasing 

30 sub-field SEP Also, the Y driver 100 applies a sustaining pulse SUSY in the selective writing sub-field WSF and the 
selective erasing sub-field ESF to cause a sustaining discharge. The Z driver 1 02 is commonly connected to the com- 
mon sustaining electrode lines Z1 to Zm to sequentially apply a set-down waveform -RPSZ to the Z electrode lines Z1 
to Zm, a scanning DC voltage DCSC and a sustaining pulse SUSZ. The X driver 1 04 applies a writing data pulse SWD 
and an erasing data pulse SED to the address electrode lines X1 to Xn to be synchronized with the scanning pulses 

35 - SWSCN and -SESCN. 

[0114] Fig. 14 shows a detailed circuit diagram of the Y driver 100 for the purpose of explaining a configuration and 
an operation of the Y driver 1 00. 

[0115] Referring to Fig. 14, the Y driver 100 includes a fourth switch Q4 connected between an energy recovery 
circuit 41 and a driver integrated circuit (10) 42, a scanning reference voltage supplier 43 and a canning voltage supplier 

40 44 connected between the fourth switch Q4 and the driver 10 42 to produce the scanning pulses -SWSCN and - SESON, 
and a setup supplier 45 and a set-down supplier 46 connected among the fourth switch Q4, the scanning reference 
voltage supplier 43 and the scanning voltage supplier 44 to generate the set-up/down wavefonns RPSY and -RPSY. 
The driver IC 42 Is connected In a push-pull type and consists of tenth and eleventh switches Q10 and Q11 to which 
voltage signals are Inputted from the energy recovery circuit 41 , the scanning reference voltage supplier 43 and the 

45 scanning voltage supplier 44. An output line between the tenth and eleventh switches Q10 and Q11 is connected to 
any one of the scanning/sustaining electrode lines Y1 to Ym. 

[0116] The energy recovery circuit includes an external capacitor CexY for charging a voltage recovered from the 
scanning/sustaining electrode lines Y1 to Ym, switches Q14 and Q1 5 connected, In parallel, to the external capacitor 
CexY, an inductor L_y connected between a first node nl and a second node n2, a first switch Q1 connected between 
50 a sustaining voltage source Vs and a second node n2, and a second switch Q2 connected between the second node 
n2 and a ground terminal GND. 

[0117] An operation of the energy recovery circuit will be described below, it is assumed that a voltage of Vs/2 has 
been charged In the external capacitor CexY. If a fourteenth switch Q14 is turned on, then a voltage charged In the 
external capacitor CexY is applied, via the capacitor Q 14, a first diode D1 and the inductor L_y, to the driver IC 42 and 
55 is applied, via an internal diode (not shown) of the driver IC 42 to the scanning/sustaining electrode lines Y1 to Ym. At 
this time, the Inductor L_y constitutes a serial LC resonance circuit along with a capacitance C within the cell to thereby 
apply a resonant wavefomn to the scanning/sustaining electrode lines Y1 to Ym. The first switch Q1 is turned on at a 
resonance point of the resonant waveform to apply the sustaining voltage Vs to the scanning/sustaining electrode lines 
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Y1 to Ym. Then, each voltage level of the scanning/sustaining electrode lines Y1. to Ym maintains the sustaining 
voltage Vs. After a desired time, the first switch Q1 is turned off and a fifteenth switch Q15 is turned on. At this time, 
voltages of the scanning/sustaining electrode lines Y1 to Ym are recovered into the external capacitor CexY. In turn, 
when the fifteenth switch Q15 is turned off and the second switch Q2 is turned on, the voltages of the scanning/ 

5 sustaining electrode lines Y1 to Ym remain at a ground potential. 

[0118] When the voltages of the scanning/sustaining electrode lines Y1 to Ym are being charged or discharged by 
the energy recovery circuit 41 , the switch Q4 is kept at an on-state so as to provide a current path between the energy 
recovery circuit 41 and the driver IC 42. As mentioned above, the energy recovery circuit 41 recovers voltages dis- 
charged from the scanning/sustaining electrode lines Y1 to Ym using the external capacitor CexY. Further the energy 

10 recovery circuit 41 applies the recovered voltages to the scanning/sustaining electrode lines Y1 to Ym to reduce an 
excessive power consumption upon discharge in the setup interval and the sustaining Interval. 
[01 1 9] The scanning reference voltage supplier 43 consists of a sixth switch Q6 connected between a third node n3 
and a selective writing scanning voltage source -Vyw, and seventh and eighth switches 07 and Q8 connected, in series, 
between the third node nS and a selective erasing scanning voltage source -Vye. The sixth switch Q6 is switched in 

15 response to a control signal yw applied in the address interval of the selective writing sub-fieid WSF to apply a selective 
writing scanning voltage -Vyw to the driver IC 42. 

[0120] The scanning voltage supplier 44 consists of switches Q1 2 and Q1 3 connected, inseries, between a scanning 
voltage source Vsc and a fourth node n4. The switches Q12 and Q13 are switched in response to a control signal SC 
applied in the address interval of the selective writing sub-field WSF and the selective erasing sub-field ESF to apply 

20 a scanning voltage Vsc to the driver IC 42. The setup supplier 45 consists of a diode D4 and a switch Q3 connected 
to a setup voltage source Vsetup and the node n3. The diode D4 plays a role to shut off a backward current flowing 
from the node n3 Into the setup voltage source Vsetup. The switch Q3 plays a role to apply a setup waveform RPSY. 
A slope of this setup waveform RPSY is detennined by a RCtime constant value of a RC time constant circuit connected 
to a control terminal, that Is, a gate temninal of the switch Q3. Accordingly, the slope of the setup waveform RPSY is 

25 controlled by a resistance value adjustment of a variable resistor R1 . 

[01 21] The set-down supplier 46 includes a fifth switch Q5 connected between the node n3 and the selective writing 
scanning voltage source -Vyw. The switch Q5 plays a role to apply a set-down wavefonn -RPSY. A slope of this set- 
down wavefomn -RPSY is determined by a RC time constant value of a RC time constant circuit connected to a control 
terminal, that is, a gate terminal of the switch Q5. 

30 Accordingly, the slope of the set-down waveform -RPSY is controlled by a resistance value adjustment of a variable 
resistor R2. 

[0122] The Y driver 100 includes a ninth switch Q9 connected, via the node n3 and a node n4, to the scanning 
reference voltage supplier 43 and the scanning voltage supplier 44, respectively. The switch Q9 plays a role to switch 
the scanning voltage Vsc applied to the driver IC 42 in response to a control signal Dic_updn. 

35 [0123] An operation of the Y driver 1 00 will be described in conjunction with Fig. 6. 

[01 24] In the reset interval of the selective writing sub-field WSF, the setup waveform RPSY and the set-down wave- 
form - RPSY are continuously applied to the scanning/sustaining electrode lines Y. To this end, the switches Q3 and 
Q5 are sequentially turned on in response to the control signals setup and setdn, respectively. Then, a positive setup 
voltage Vsetup and a negative scanning reference voltage - Vyw are sequentially applied, via the switches Q3 and Q5 

40 and the switch Q11 of the driver IC 42, to the scanning/sustaining electrode lines Y. The setup waveform RPSY rises 
until a setup voltage Vsetup and the set-down wavefomn -RPSY falls until a negative scanning reference voltage -Vyw. 
Herein, the setup voltage Vsetup is 240 to 260V and which is set to be higher than the sustaining voltage (I.e., 1 70 to 
190V). The negative scanning reference voltage -Vyw Is set to approximately -140 to - 160V. The setup waveform 
RPSY does not cause a large discharge within the cell and produces wall charged required upon scanning within the 

45 cell because It rises until the setup voltage Vsetup at a desired slope. In a falling edge of the setup wavefonn RPSY, 
the energy recovery circuit is operated and thus the setup wavefonn RPSY is controlled to have a slow slope. Since 
the setup wavefonn RPSY has a slow falling slope, the cells do not undergo a self-erasure and a voltage margin of 
the set-down waveform -RPSZ applied to the common sustaining electrode lines Z1 to Zm is widened. 
[0125] In the address interval of the selective writing sub-field WSF, the switches Q12 and Q13 are turned on while 

50 the switch Q9 is turned off to apply a scanning voltage Vsc to the driver IC 42. Further, the switch Q6 is turned on to 
apply a selective writing scanning voltage -Vyw to the driver IC 42. Then, a writing scanning pulse -SWSCN is sequen- 
tially applied to the scanning/sustaining electrode lines Y1 to Ym. A voltage level of this writing scanning pulse -SWSCN 
is set to 60 to 80V. A writing video data pulse SWD having a logical value of '1 ' is applied in synchronization with the 
writing scanning pulse -SWSCN. As a result, a writing discharge is generated at the selected discharge cells by a 

55 voltage difference between the writing scanning pulse -SWSCN having a large pulse width and the writing video data 
pulse SWD. Wall charges and space charges are produced within the discharge cells In which a writing discharge has 
been generated. By these wall charges and space charges, the selected discharge cells are charged with wall charges 
capable of causing a discharge by a sustaining pulse applied In the following sustaining interval. The switch Q9 maln- 
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tains an off-state when the scanning pulse -SWSCN is being applied while maintaining an on-state in the remaining 
period. 

[0126] In the sustaining interval of the selective writing sub-field WSF, a nomial sustaining pulse SUSY2 having a 
small pulse width and a last sustaining pulse SUSY3 having a large pulse width are successively applied after a first 

5 sustaining pulse SUSY1 having a large pulse width was applied to the scanning/sustaining electrode lines Y At this 
time, the energy recovery circuit 41 applies a resonant waveform to the driver IC 42 by utilizing a voltage charged in 
the external capacitor CexY and the LC resonance and thereafter turns on the switch Q1 to apply a sustaining voltage 
Vs to the driver IC 42. The discharge cells that have generate a writing discharge in the address interval generate 
sustaining discharges by the number of sustaining pulses SUSY1 , SUSY2 and SUSY3. The discharge cells that have 

10 not generate a writing discharge in the address Interval does not generate a discharge because they have almost not 
any wall charges even when a sustaining voltage Vs caused by the sustaining pulses SUSY1 , SUSY2 and SUSY3. 
The first sustaining pulse SUSY"! has a pulse width of about 20iJ.s so that a stable sustaining discharge initiation can 
be made. The second sustaining pulse SUSY2 has a pulse width of about 2.5 to 5\is. The third sustaining pulse SUSY3 
Is set to have a pulse width of more than 5\ls so that a sustaining discharge can not be self -erased. 

15 [0127] In the last time of the selective writing sub-field WSF, an erasing pulse ERSPY and a reset pulse RSTP having 
a large pulse width is applied depending on whether the following sub-field is the selective writing sub-field WSF or 
the selective erasing sub-field ESP. If the following sub-field is the selective writing sub-field WSF, then an erasing 
pulse ERSPY making a group along with an erasing pulse ERSPZ applied to the common sustaining electrode lines 
Z and a ramp waveform RAIVIP are applied to the scanning/sustaining electrode lines Y at the end time of the current 

20 selective writing sub-field WSR One group of the erasing pulse ERSPY and ERSPZ and the ramp waveform RAMP 
cause a weak discharge continuously to erase a sustaining discharge of the selected discharge cells. Further, the 
erasing pulses ERSPY and ERSPZ and the ramp waveform RAMP causes a discharge as weak as possible continu- 
ously to uniformly accumulate wall charges within the cells of the entire field at a primary time of the following selective 
writing sub-field WSF. The erasing pulses ERSPY and ERSPZ are rectangular waves having a small pulse width within 

25 about ^\is while the ramp waveform RAMP is set to have a pulse width of about 20|is. 

[0128] On the other hand, if the following sub-field is the selective erasing sub-field ESF, then the third sustaining 
pulse SUSY3, which is a rectangular wave having a large pulse width, is applied at the end time of the current selective 
writing sub-field WSF This third sustaining pulse SUSY3 produces sufficient wall charges at the currently turned-on 
cells to permit a stable addressing operation in the following erasing sub-field ESF 

30 [0129] Meanwhile, if the following sub-field is the selective erasing sub-field ESF, then a pulse applied at the end 
time of the current selective writing sub-field WSF can have a large pulse width or may be set to have a larger voltage 
level than the normal sustaining pulse. Otherwise, if the following sub-field is the selective erasing sub-field ESF, then 
a pulse applied at the end time of the current selective writing sub-field WSF may have a larger pulse width and a 
larger voltage level than a sustaining pulse applied in the sustaining interv^al. 

35 [0130] In the selective erasing sub-field ESF, a reset interval is omitted. This is because the last sustaining pulse 
SUSY3 or SUSY5 generated at the end time of the current selective writing sub-field WSF or the current selective 
erasing sub-field ESF plays a role to turn on the cells In the next selective erasing sub-field ESF. Accordingly, an 
address interval is set at a primary time of the selective erasing sub-field ESF 

[0131] In the address interval of the selective erasing sub-field ESF, the switches Q12 and Q13 are turned on to 

40 apply a scanning voltage Vs to the driver IC 42. The switches 07 and 08 are turned on to apply a selective erasing 
scanning voltage -Vye to the driver IC 42. Then, an erasing scanning pulse -SESCN is sequentially to the scanning/ 
sustaining electrode lines Y1 to Ym. Herein, a voltage level of the erasing scanning pulse -SESCN is set to about 60 
to 80V. An erasing video data pulse SED having a logical value of '0' is applied in synchronization with the erasing 
scanning pulse -SESCN. As a result, the selected discharge cells generates a weak erasure discharge by a voltage 

45 difference between the erasing scanning pulse -SESCN having a small pulse width and the erasing video data pulse 
SED. By this discharge, wall charges and space charges within the discharge cell is recombinedto be erased. Thus, 
the discharge cells having generate an erasure discharge by the erasing scanning pulse -SESCN and the erasing 
video data pulse SED does not generate a discharge even when a sustaining pulse is applied because they are not 
charged with a voltage required for a discharge. The switches 09 maintains an off-state when the scanning pulse 

50 -SESCN is being applied while maintaining an on-state in the remaining time interval. 

[0132] In the sustaining interval of the selective erasing sub-field ESF, a normal sustaining pulse SUSY4 having a 
pulse width of about 2.5 to 5|is is applied. At this time, the energy recovery circuit 41 turns on the switch 01 to apply 
a sustaining voltage Vs to the driver IC 42 after applying a resonant waveform to the driver IC 42 by utilizing a voltage 
charged in the external capacitor CexY and the LC resonance. Since the discharge cells having generated an erasure 

55 discharge In the address discharge have almost not wall charges, they do not generate even when the sustaining 
voltage Vs is applied by the sustaining voltage pulse SUSY4. On the other hand, the discharge cells having not gen- 
erated an erasure discharge in the address interval are charged into a voltage capable of generating a discharge 
because a wall voltage charged In the reset interval or the setup interval is added to the sustaining voltage Vs. Thus, 
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the discharge ceils having not generated an erasure discharge in the address interval generate a discharge by the 
number of sustaining pulse SUSY4. 

[0133] At the end time of the selective erasing sub-field ESR a sustaining pulse SUSY5 having a large pulse width 
or an erasing pulse ERSPY having a small pulse width Is applied depending on whether the following sub-field is the 

5 selective erasing sub-field ESF or the selective writing sub-field WSF. If the fotiowing sub-field is the selective erasing 
sub-field ESF, the sustaining pulse SUSY5 having a large pulse width is applied so as to turn on the discharge cells 
at the end time of the current selective erasing sub-field ESF. If the following sub-field is the selective writing sub-field 
WSF, then an erasing pulse ERSPY making a group along with an erasing pulse ERSP2 applied to the common 
sustaining electrode lines Z1 to Zm and a ramp waveform RAMP is applied to the scanning/sustaining electrode lines 

10 Y1 to Ym at the end time of the current selective erasing sub-field ESF. The erasing sub-fields ERSPY and ERSPZ 
and the ramp wavefonn RAMP successively generate a weak discharge such that wall charges within the cells of the 
entire field can be generated at the primary time of the next selective writing sub-field WSF. By the erasing pulses 
ERSPY and ERSPZ and the ramp wavefonn RAMP, uniform wall charges and space charges are accumulated in the 
discharge cells of the entire field. 

15 [0134] Fig. 15 is a detailed circuit diagram of the Z driver 102. 

[0135] Referring to Fig. 15, the Z driver 1 02 includes a scanning voltage supplier 52, a ramp voltage supplier 53, a 
polarity switch 65 and a set-down voltage supplier 54 that are connected between the energy recovery circuit 51 and 
the common sustaining electrode line Z. In similarity to the Y driver 1 00, The energy recovery circuit 51 charges voltages 
of the common sustaining electrode lines Z1 to Zm by utilizing the charged voltage of the external capacitor CexZ and 

20 the LC resonance, and recovers an energy from the common sustaining electrode lines Z1 to Zmto charge the external 
capacitor CexZ. The energy recovery circuit is driven upon application of a sustaining voltage Vs, a scanning voltage 
Vzsc and a ramp voltage Vramp. 

[0136] An operation of the Z driver 102 will be described In conjunction with Fig. 6 below. 

[0137] In the reset interval of the selective writing sub-field WSF, a negative set-down waveform -RPSZ is applied 
25 to the common sustaining electrode lines Z1 to Zm. To this end, a switch Q27 is turned on in response to a control 

signal setup2 to apply a negative set-down voltage -Vsetdn to the common sustaining electrode lines Z1 to Zm. The 
set-down voltage Is set to about -160 to -180V. A falling edge slope of the set-down waveform -RPSZ can be controlled 
by a resistance value adjustment of a variable resistor R3 connected to a control terminal, that is, a gate terminal of 
the switch Q27. The switch Q26 maintains an off-state when the set-down waveform -RPSZ is being applied to the 
30 common sustaining electrode lines Z1 to Zm. At the rising edge of the set-down waveform -RPSZ, the switch Q27 is 
turned off while switches Q22 and Q26 are turned on, to thereby raise a voltage level of the common sustaining electrode 
line Z into a ground potential GND, 

[0138] In the address interval of the selective writing sub-field WSF, a positive DC voltage Vzsc is applied to the 
common sustaining electrode lines Z. Herein, the DC voltage Vzcs is set to about 90 to 1 1 0V. To this end, at an initiation 

35 time of the address interval, the switch Q22 Is turned off while the switches Q23 and Q24 are turned on in response 
to a control signal zsc. The turned-on switches Q23 and Q24 apply a scanning voltage Vzsc to the common sustaining 
electrode lines Z. This scanning voltage Vzsc charges the common sustaining electrode lines Z Into a positive voltage, 
thereby preventing an erroneous discharge from being generated between the common sustaining electrode lines Z 
and the address electrode lines X in the address interval. A set-down end time of the common sustaining electrode 

40 lines Z1 to Zm, a time rising into the ground potential GND, an application time of the DC voltage Vzsc to the common 
sustaining electrode lines Z1 to Zm and an end time of the reset interval of the scanning/sustaining electrode lines Y1 
to Ym are changed into a multiple step. Accordingly, internal voltages of the discharge cells are not changed suddenly, 
but a stable setup operation of the reset interval can be made. 

[0139] In the sustaining interval of the selective writing sub-field WSF, a first sustaining pulse SUS21 having a large 
45 pulse width is applied and thereafter a second sustaining pulse SUSZ2 having a normal pulse width is applied. The 
sustaining pulse SUSZ1 has a pulse width of about 20\is such that a stable sustaining discharge initiation can be made 
while tl^e second sustaining pulse SUSZ2 has a pulse width of 2.5 to 5|is. 

[0140] If the following sub-field is a selective writing sub-field WSF, an the erasing pulse ERSPZ and a ramp wavefomn 
RAMP making a group are applied to the common sustaining electrode lines Z1 to Zm at the end time of the current 
50 selective writing sub-field WSF or the current selective erasing sub-field ESF. To this end, the switch Q25 is turned on 
to apply a ramp voltage Vramp to the common sustaining electrode lines Z1 to Zm. A rising edge slope of the ramp 
waveform RAMP Is determined by a resistance value of a variable resistor R4 connected to a control terminal, that is, 
a gate terminal of the switch Q25. 

[0141] In the address interval of the selective erasing sub-field ESF, voltages of the common sustaining electrode 
55 lines Z1 to Zm remain at a ground potential. 

[01 42] In the sustaining Interval of the selective erasing sub-field ESF, the sustaining pulses SUSZ3 and SUSZ4 are 
applied to the common sustaining electrode lines Z1 to Zm in similarity to the sustaining interval of the selective writing 
sub-field WSF 
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[0143] The present PDP driving apparatus is limited to the first embodiment, but is applicable to another embodi- 
ments. More specifically, the present PDP driving apparatus can be applied to another embodiment in which the se- 
lective writing sub-fields WSF are compatible with the selective erasing sub-fields ESP by controlling an arrangement 
of sub-fields and the brightness weighting value. Alternatively, the present PDP driving apparatus may be applicable 
5 to still another embodiment in which the selective writing sub-fields WSF are compatible with the selective erasing sub- 
field ESP and a relative brightness ratio between frames are set differently. 

[0144] As described above, according to the present invention, one frame is divided into the sub-fields driven by the 
selective writing system and the sub-fields driven by the selective erasing system without an entire writing period. 
Accordingly, the address interval is considerably shortened in comparison to the selective writing system, so that the 
10 sustaining interval can be sufficiently assured, The present PDP driving method and apparatus permits a driving even 
when the number of sub-fields is enlarged so as to reduce a pseudo contour noise of a moving picture as well as a 
high-speed driving, so that It Is suitable for driving a high-resolution panel. 

[0145] Furthermore, according to the present Invention, a time Interval generating a discharge in the non-display 
interval is merely once reset interval and the display internal can be sufficiently assured, so that a contrast ratio can 

15 be more enlarged in comparison to the selective erasing system as well as the selective writing system. Also, a circuit 
for coupling the scanning voltages applied to the selective writing sub-fields and the selective erasing sub-fields and 
a circuit for obtaining a stable setup operation and a stable sustaining operation are provided. As a result, the present 
PDP driving method and apparatus is suitable for a compatible use of the selective writing sub-fields and the selective 
erasing sub-fields within one frame. 

20 [0146] Although the present invention has been explained by the embodiments shown in the drawings described 
above, it should be understood to the ordinary skilled person in the art that the invention is not limited to the embodi- 
ments, but rather that various changes or modifications thereof are possible without departing from the spirit of the 
invention. Accordingly, the scope of the invention shall be detemnined only by the appended claims and their equiva- 
lents. 

25 

Claims 

1 . A method of driving a plasma display panel in "which a plurality of sub-fields each including an address interval for 
30 selecting a cell and a sustaining interval for causing a sustaining discharge of the selected cell are used to display 

an image, said method comprising the steps of: 

turning on discharge cells selected in said address inten/al using at least one selective writing sub-field; and 
turning off the discharge cells selected in said address interval using at least one selective erasing sub-field, 
35 wherein the selective writing sub-field and the selective erasing sub-field are arranged within one frame. 

2. The method as claimed in claim 1 , wherein all of said at least one selective writing sub-field are arranged at a 
primary stage of said frame such that they precede said at least one selective erasing sub-field. 

40 3. The method as claimed in claim 1 , wherein said at least selective erasing sub-field Is arranged between the selective 
writing sub-fields. 

4. The method as claimed in claim 1 , wherein said selective writing sub-field comprises: 

45 a first selective writing sub-field including a reset interval for initializing the entire field, a selective writing 

address interval for selectively turning on the discharge cells, a sustaining interval for causing a sustaining 
discharge of the discharged cells tumed on in the address interval, and an erasure interval for turning off the 
entire field; 

a last selective writing sub-field being adjacent to the selective erasing sub-field and including the selective 
50 writing address interval and the sustaining interval; and 

at least one middle selective writing sub-field being arranged between the first selective writing sub-field and 
the last selective writing sub-field and including said selective writing address interval, said sustaining interval 
and said erasure interval. 

55 5. The method as claimed in claim 1 , wherein said middle selective writing sub-fields and said last selective writing 
sub-fields further Include the reset period prior to the selective writing adress period, respectively 

6. The method as claimed in claim 4, wherein said last selective writing sub-field and said selective erasing sub-field 
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express gray levels by a combination of linear codes In which the next sub-field Is not turned on until the previous 
sub-field is turned on. 

7. The method as claimed In claim 4, wherein said selective writing address Interval and said erasure interval are 
equal to each other every selective writing sub-field, and said sustaining interval is set differently depending on a 
brightness weighting value assigned to the corresponding selective writing sub-field. 

8. The method as claimed in claim 1 , wherein said selective erasing sub-field comprises: 

a selective erasing address Interval tor selectively turning off the discharge cells turned on In the previous sub- 
field; and 

a sustaining interval for causing a sustaining discharge of the remaining discharge cells excluding the dis- 
charge cells turned off in the selective erasing address Interval. 

9. The method as claimed In claim 8, wherein said sustaining Interval is set equally for each selective erasing sub-field. 

10. The method as claimed in claim 8, wherein said sustaining interval is set differently between the selective erasing 
sub-fields depending on a brightness weighting value assigned to the corresponding selective erasing sub-field. 

11. The method as claimed in claim 1, wherein gray level values are expressed by a combination of the selective 
writing sub-field and the selective erasing sub-field, and a portion of said gray level values Is expressed by a 
Dithering technique and/or an error diffusion technique. 

12. A method of driving a plasma display panel, comprising the steps of: 

expressing a gray level range using at least one selective writing sub-field by turning on selected discharge 
cells and maintaining a discharge of the turned-on cells; and 

expressing a high gray level range using at least one selective erasing sub-field by successively turning off 
the cells turned on in the previous sub-field. 

13. The method as claimed in claim 12, wherein a portion of the selective writing sub-fields expresses gray level values 
within said low gray level range by a binary code combination. 

14. The method as claimed in claim 12, wherein the selective erasing sub-fields express gray level values within said 
high gray level range by a linear code combination. 

15. A method of driving a plasma display panel in which a plurality of sub-fields each Including an address interval for 
selecting a cell and a sustaining interval for causing a sustaining discharge of the selected celt are used to display 
an Image, said method comprising: 

a kth frame including at least one selective writing sub-field for turning on the discharge cells selected in the 
address Interval and at least one erasing sub-field for turning off the discharge cells selected in the address 
interval; and 

a (k+1)th frame including at least one selective writing sub-field for turning on the discharge cells selected in 
the address Interval and at least one erasing sub-field for turning off the discharge cells selected In the address 
interval and having brightness weighting values of the sub-fields different from said kth frame, 
wherein k is a positive integer 

1 6. A driving apparatus for a plasma display panel wherein the panel is provided with electrodes for causing a discharge 
and a plurality of sub-fields each including an address interval for selecting a cell and a sustaining Interval for 
causing a sustaining discharge of the selected cell are used to display an image, said apparatus comprising: 

a first electrode driver for applying a first scanning pulse for causing a writing discharge and a second scanning 
pulse for causing an erasure discharge to a first electrode of said panel in the address interval in accordance 
with a sub-field to drive the first electrode; and 

a second electrode driver for applying a first data for selecting the turned-on cells and a second data for 
selecting the turned-off cells to a second electrode of said panel In such a manner to be synchronized with 
the scanning pulses, thereby driving the second electrode. 
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17. The driving apparatus as claimed in claim 16, further comprising: 

a third electrode driver for applying a desired direct current voltage to a third electrode of said panel in the 
address interval and applying a sustaining pulse for causing a sustaining discharge of the discharge cells selected 
In the address interval to the third electrode to thereby drive the third electrode. 

5 

18. The driving apparatus as claimed in claim 17, wherein the first electrode driver and the third electrode driver al- 
ternately apply the sustaining pulse for causing the sustaining discharge of said selected discharge cells to the 
first electrode. 

10 19. The driving apparatus as claimed in claim 17, wherein each of the first and third electrode drivers includes an 
energy recovery circuit for recovering an energy from the electrodes of said panel to charge the electrodes of said 
panel using the recovered voltage. 

20. The driving apparatus as claimed in claim 16, wherein the first electrode driver includes; 

15 

a setup driver for applying a positive setup signal with a ramp wavefomi to the first electrode In a reset Interval 
for initializing the entire field; 

a set-down driver for applying a negative set-down signal with a ramp wavefomn to the first electrode after an 
application of the positive setup signal; and 
20 a sustaining driver for applying sustaining pulses having a different pulse width to the first electrode in the 

sustaining interval. 

21. The driving apparatus as claimed in claim 16, wherein the first electrode driver further includes: 

a reset driver for successively applying a negative rectangular pulse and a second positive setup signal after 
25 an application of a first positive setup signal having a ramp signal in a reset Interval for initializing the entire field. 

22. The driving apparatus as claimed in claim 1 6, wherein the first electrode driver sets a reference voltage of the first 
scanning pulse and a reference voltage of the second scanning pulse differently. 

30 23. The driving apparatus as claimed in claim 1 7, wherein the third electrode driver includes: 

a set-down driver for applying a negative set-down signal with a ramp waveform to the third electrode in a 
reset interval for initializing the entire field; 

a scanning driver for applying any one of a positive direct current voltage and a ground voltage to the third 
35 electrode in accordance with said sub-fields in the address interval; 

a sustaining driver for applying sustaining pulses having a different pulse width to the third electrode in the 
sustaining interval; and 

a ramp driver being driven when the following sub-field is the selective writing sub-field to apply a ramp wave- 
fonri at the last time of the sustaining interval. 

40 

24. The driving apparatus as claimed in claim 17, wherein the third electrode driver further includes: 

a reset driver for successively applying a negative rectangular pulse to the third electrode in a reset Interval 
for Initializing the entire field. 

45 25. The driving apparatus as claimed in claim 17, wherein, if the following sub-field is a sub-field selecting the cells 
by a writing discharge in the address interval, the first and third electrode drivers alternately apply a pulse having 
a pulse width within Ijim to the first and third electrodes at the end time of the sustaining interval. 

26. The driving apparatus as claimed in claim 16, wherein, if the following sub-field is a sub-field selecting the cells 
50 by a erasure discharge in the address interval, the first electrode driver applies a pulse having a larger pulse width 

than a normal sustaining pulse to the first electrode at the end time of the sustaining interval. 

27. The driving apparatus as claimed in claim 16, wherein, if the following sub-field is a sub-field selecting the cells 
by a erasure discharge In the address Interval, the first electrode driver applies a pulse having a larger voltage 

55 level than a normal sustaining pulse to the first electrode at the end time of the sustaining interval. 

28. The driving apparatus as claimed in claim 16, wherein, If the following sub-field is a sub-field selecting the cells 
by a erasure discharge in the address interval, the first electrode driver applies a pulse having a larger pulse width 
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and a larger voltage level than a normal sustaining pulse to the first electrode at the end time of the sustaining 
interval. 

29. The driving apparatus as claimed in claim 17, wherein a falling edge of a sum voltage signal applied to the first 
5 and third electrode is stepwise changed in a reset interval for initializing the entire field. 

30. The driving apparatus as claimed in claim 1 6, wherein the first scanning pulse is set to have a pulse width of 1 to 3|is. 

31. The driving apparatus as claimed in claim 16, wherein the second scanning pulse is set to have a pulse width 
10 within 1 ,5\is. 
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